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PREFACE. 


This  little  work  owes  its  existence  to  a  request  made  to  the 
author  to  prepare  a  Gennan  edition  of  Elderhorst's  excellent 
"Manual  of  Blowpipe  Analysis  and  Determinative  Miner- 
alogy." 

Further  consideration  showed,  however,  that  a  mere  trans- 
ation  would  swell  the  number  of  German  text-books  without 
affording  such  new  views  of  the  subject  as  would  justify 
the  addition.  Almost  all  works  on  blowpipe  analysis  treat 
in  great  detail  the  mineralogical  part  of  the  subject,  and 
devote  comparatively  little  attention  to  its  chemical  aspects. 
Yet  one  might  naturally  expect  that  in  blowpipe  analysis,- 
which  although  much  used  in  the  determination  of  miner- 
alogical specimens  is  nevertheless  a  purely  chemical  method 
of  investigation,  its  chemical  character  would  be  kept  in  the 
foreground. 

These  considerations  led  the  author  to  attempt  a  manual  of 
blowpipe  analysis,  in  which  the  subject  should  be  treated 
entirely  from  a  chemical  point  of  view,  and  instead  of  making 
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the  desired  translation,  Elderhorst's  work  has  been  followed 
only  in  its  peculiar  and  practical  arrangement. 

The  favourable  reception  which  has  been  accorded  to 
the  work  thus  prepared  may  justify  the  hope  that  Blowpipe 
Analysis  will  become  more  useful  to  the  chemist  without 
losing  any  of  its  value  to  the  metallurgist  and  mineralogist. 

The  Author. 

To  the  foregoing  I  have  to  add  that  I  very  willingly  under- 
took the  translation  of  the  work,  as  the  subject  is  one  in  which 
I  have  long  been  interested.  After  translating  the  larger 
portion  of  the  text-book,  absence  from  England  prevented  my 
proceeding  further,  when  my  friend,  Mr.  W.  E.  Kay  of  the 
Owens  College,  kindly  undertook  the  revision  and  completion 
of  the  translation,  and  the  care  of  the  work  through  the  press. 

The  present  English  translation  contains  the  author's  latest 
corrections  and  additions,  and  has  been  printed  'Under  his 
personal  supervision.  Amongst  the  additions  will  be  found 
the  author's  Systematic  Course  of  Analysis,  an  extended 
description  of  Bunsen's  Flame  Reactions,  and  the  Reactions 
with  Aluminium  Plate  proposed  by  Ross  as  a  substitute  for 
charcoal. 

JAMES  TAYLOR. 

Antofagasta,  April  1879. 
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EXAMPLES   FOR  PRACTICE; 

Being  a  collection  of  substances  well  adapted  for  exhibiting  the 
most  important  blowpipe  reactions. 


METALS. 

I.  Antimony. 
2  Bismuth. 

3.  Lead. 

4.  Tin. 

5.  Silver. 

6.  Arsenic. 

7.  Zinc. 

8.  Cadmium. 

OXIDES. 

9.  Tin  oxide. 

10.  Zinc  o.xide. 

11.  Cadmium  oxide. 

12.  Antimony  o.xide. 

13.  Bismuth  oxide. 

14.  Iron  oxide. 

15.  Uranium  oxide. 

16.  Molybdenum  trio.xide. 

17.  Cliromium  oxide. 

18.  Cobalt  monoxide. 

19.  Copper  oxide. 

20.  Tungsten  trio.xide. 

21.  Alumina. 

22.  Arsenic  trioxide. 

SULPHIDES. 

23.  Sulphides  of  arsenic  and  anti- 

mony (artificial). 

24.  Sulphides    of   arsenic,  anti- 

mony, lead  and  copper  (arti- 
ficial). 

SALTS. 

25.  Sodium  carbonate. 

26.  Borax. 

27.  Microcosmic  salt. 

a8.  Acid  potassium  sulphate. 


29.  Fluorspar. 

30.  Potassium  chloride. 

31.  Potassium  bromide. 

32.  Potassium  iodide. 

33.  Sodium  chloride. 

34.  Ammonium  chloride. 

35.  Potassium  chlorate. 

36.  Lead  nitrate. 

37.  Cobalt  nitrate. 

38.  Nickel  oxalate. 

39.  Copper  sulphate. 

40.  Copper  chloride. 

41.  Copper  arsenate. 

42.  Mercurous  chloride. 

43.  Mercuric  chloride. 

ALLOYS. 

44.  Tin  amalgam. 

45.  AUoyoflead  and  antimony. 

46.  Alloy  of  lead  and  bismuth. 

47.  Alloy  of  lead  and  zinc. 

48.  AUoy  of  lead,  copper,  and 

silver. 

49.  AUoy  of  tin  and  copper. 

50.  Alloy  of  zinc  and  cadmium. 

MINERALS. 

SI-  Quartz. 

52.  Gypsum. 

53.  Strontianite. 

54.  Witherite. 

55.  Magnesite. 

56.  Mica. 
57-  Felspar. 
58.  Albite. 
59-  Petalite. 
60.  Haimatite. 
6r.  Rutile. 

62.  Pyrolusite. 

63.  Lepidolite. 
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64.  Apatite. 

65.  Franklinite. 

66.  Pitcliblende. 

67.  Cliromic  iron. 

68.  Cerussite. 

69.  Malacliite. 

70.  Stibnite. 

71.  Iron  pyrites. 

72.  Copper  pyrites. 

73.  Arsenical  pyrites. 

74.  Speiss  cobalt. 


75.  Glance  cobalt. 

76.  Realgar. 

77.  Cinnabar. 

78.  Kupfernickel. 

79.  Molybdenite. 

80.  Berthierite. 

81.  Boumonite. 

82.  Tetrahedrite. 

83.  Clausthalite. 

84.  Nagyasjite. 

85.  Vanadinite. 


The  undermentioned  Firms  have  imdcriakcn  io  keep  in  stock  tlie 
apparatus,  reagents,  and  substances  for  practice  required  in  -tuorkin^ 
through  the  text-book  :■  — 

Messrs.  GRIFFIN      SOJVS.  22  Garrick-street,  London. 

LETCHER  BROS.  5f  JEFFERY,  Truro,  Cornwall. 
MOTTERSHEAD      Co.,  j  Exchange-street,  Manchester. 
WOOLLEY,  SONS  b'  Co.,  6q  Market-street,  Manchester. 


CORRECTIONS. 


Page  21,  line  23,  after  "Mercury"  insert  a  comma. 
24,  ,,    19,  for  "No.  27"  read  "Ko.  2." 
,,    53,  ,,     I,  ,,   "dioxide"   ,,    " pentoxide." 


55.  <<         ••  "  •• 

58,  ,,    10,  ,,  "its  salts"  ,,    "  the  carbonates.' 
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BLOWPIPE  ANALYSIS. 


CHAPTER  I. 

APPARATUS  AND  REAGENTS. 

I.  The  blotvpipe  used  for  scientific  purposes  is  shown 
in  Fig.  I.  It  consists  of  three  separate  parts:  a  conical 
tube,  AB,  provided  with  a  mouth- 
-;  piece;  an  air-chamber,  C,  to  retain 
the  moisture  of  the  breath;  and  a 
side  tube,  D,  terminating  in  a  platinum 
jet,  d.  The  parts  fit  air-tight,  and  are 
held  together  by  friction  alone,  so  that 
the  apparatus  can  be  easily  taken  to  \  * 

pieces.  The  length  of  the  blowpipe 
is  usually  about  200  mm.,  but  this 
varies  with  the  quality  of  the  eyes  of 
the  possessor.  Shortsighted  persons 
require  a  shorter  blowpipe,  whilst  for 
the  longsighted  a  longer  blowpipe 
is  necessary.  The  platinum  jet  should 
have  an  opening  of  about  0-4  mm. 
diameter,  but  a  second  jet  of  0-5 
mm.  is  useful  in  cases  where  a 
stronger  blowpipe  flame  is  required.  fjg  1 

If  the  hole  becomes  stopped  by  soot  it  can  be  cleared  by 
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heating  over  the  flame  of  the  spirit  lamp  or  Bunsen  burner. 
A  form  of  hand  blow-pipe  in  common  use  in  England, 
and  known  as  Black's  blowpipe,  is  shown  in  Fig.  2. 


Fig.  2.  Fig.  3. 

It  does  not  differ  essentially  from  the  form  above  de- 
scribed; the  parts' usually  screw  together,  and  the  plati- 
num nozzle  can  be  removed  for  the  purpose  of  cleaning. 

Both  forms  of  blowpipe  are  shown  provided  with  a 
trumpet-shaped  mouthpiece,  which  is  generally  preferred, 
although  there  is  no  objection  to  the  oblong  form  of 
mouthpiece  which  is  also  largely  used. 

It  is  often  advantageous  to  use  a  stand  blowpipe,  so 
as  to  leave  both  hands  free  to  manipulate  the  substance 
under  examination.  Such  an  arrangement  is  shown  in 
Fig.  3.  The  socket,  A,  surrounds  the  air-chamber,  B, 
of  an  ordinary  blowpipe,  whilst  the  side-tube,  D,  passes 
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through  the  slot,  C,  in  the  socket.  The  caoutchouc  tube, 
F,  replaces  the  conical  tube,  AB,  shown  in  Fig.  i.  The 
socket  is  provided  with  a  longitudinal  slit,  and  clips  the 
air-chamber  with  just  sufficient  tightness  to  hold  the  tube, 
D,  at  any  desired  inclination  ;  whilst  the  whole  apparatus, 
being  moveable  on  the  stand,  G,  can  be  fixed  in  any 
requisite  position  by  means  of  the  screw,  E. 

To  relieve  the  cheek  muscles  7nechanical  blowers  have 
been  devised.  Amongst  these  one  of  the  most  common 
is  the  hand-blower,  in  which  the  blast  of  air  is  supplied 
by  the  intermittent  compression  of  a  caoutchouc  bag, 


which  is  supplied  with  the  requisite  valve  to  admit  air  in 
the  intervals  when  the  pressure  is  removed.  The  air 
passes  into  an  elastic  reservoir,  its  return  being  prevented 
by  the  necessary  valve,  and  a  constant  blast  is  thus 
obtained.  The  same  principle  is  also  applied  in  the 
manufacture  of  foot-blowers. 

A  portable  and  convenient  form  of  blowpipe  stand 
with  hand-blower,  manufactured  by  Mr.  Fletcher  of 
Warrington,  is  shown  in  Fig.  4.  The  blast  is  supplied 
by  the  miniature  hand-blower,  A,  similar  in  construction 
to  the  foot-blower  of  the  same  maker,  and  the  stream  of 
air  is  regulated  by  the  tap,  a.    Connected  with  tliis  by 


Fig.  4. 
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means  of  a  caoutchouc  tube  is  the  stand,  B,  consisting  of 
the  blowpipe,  c,  held  by  a  pecuhar  form  of  support,  com- 
posed of  brass  rods,  connected  by  knee-joints,  b  b", 
which  permit  the  blowpipe  tube  to  be  varied  in  height 
and  inclination  at  will.  The  apparatus  is  provided  with 
a  second  blowpipe  tube,  d,  the  end  of  which  is  bent 
round  several  times,  and  this  becomes  heated  by  the 


Fig.  5. 


flame  when  the  blowpipe  is  in  use.  A  hot-air  bl 
thus  produced,  and  the  temperature  of  the  resultmg 


2]  APPARATUS  AND  REAGENTS.  5 

pipe  flame  is  considerably  increased.  The  apparatus  is 
sufficiently  small  to  be  used  whilst  travelling,  and  it  may 
even  be  put  into  the  pocket. 

The  author  has  devised  a  very  convenient  self-acting 
blowpipe  apparatus,  shown  in  Fig.  5,  which  may  be 
very  readily  constructed.  It  consists  of  two  capacious 
bottles  connected  by  a  caoutchouc  tube.  One  of  them, 
filled  with  water,  is  placed  on  as  high  a  shelf  as  can  be 
conveniently  reached,  about  a  yard  and  a  half  being  a 
suitable  height,  whilst  the  other  is  provided  with  a 
cork,  bearing  a  tube  communicating  with  the  blow- 
pipe. As  the  water  passes  from  the  upper  to  the  lower 
bottle,  the  air  in  the  latter  is  compressed  and  passes  out 
to  the  blowpipe  in  a  regular  stream.  Flasks  of  four 
liters  capacity  will  supply  a  blowpipe  jet  of  0-4  mm. 
diameter  with  a  constant  stream  for  ten  minutes. 
After  this  it  is  only  necessary  to  change  the  flasks 
in  order  to  continue  the  current.  If  bottles  pro- 
vided with  holes  near  the  bottom  cannot  be 
obtained,  ordinary  ones  can  be  used  by  passing 
a  tube  to  the  bottom  of  each  bottle,  and  then 
joining  these  as  before.  In  this  case  it  is  necessary 
to  exhaust  the  connecting  tube,  on  changing  the 
bottles,  so  as  to  cause  the  water  to  flow.  The 
current  of  air  can  be  regulated  by  placing  a  screw 
clip  on  either  of  the  caoutchouc  tubes. 

2.  The  most  convenient  blowpipe  flame  is 
obtained  by  taking  a  Bunsen  lamp  and  placing  within 
its  tube  a  second  tube,  cut  off  obliquely  at  the  upper 
end,  and  flattened  so  as  to  have  an  inside  width  of 
from  I  to  2  mm.  (Fig.  6).  The  tube  is  about  100  mm. 
long,  and,  when  in  use,  closes  the  air-holes  of  the  burner; 
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Unfortunately  this  flame  cannot  be  employed  when 
testing  a  substance  for  sulphur,  as  coal-gas  frequently 
contains  sufficient  sulphur  to  vitiate  the  results. 

Next  in  importance  stands  Berzelius'  blowpipe  lamp  as 
improved  by  Plattner  (Fig.  7).    This  consists  of  an  oil 


vessel,  «,  on  a  stand,  c,  and  provided  with  two  openings 
which  can  be  closed  by  screw-caps,  the  one  opening 
being  used  for  charging  with  oil,  and  the  other,  d,  being 
fitted  with  a  burner  bearing  a  flat  wick.  Olive  oil  or 
refined  rape  oil  is  burnt. 

A  spirit  lamp,  with  flat  wick,  which,  however,  must  not 
be  too  small,  may  also  be  employed,  if  the  alcohol  be 
mixed  with  some  compound  rich  in  carbon ;  say,  i  part 
of  turpentine  or  3  of  benzol  to  12  parts  of  the  alcohol. 
Such  a  lamp  gives  a  high  temperature,  and  does  not 
require  trimming  so  often  as  an  oil  lamp. 

A  candle-flame  will  serve  for  most  experiments,  but 
is  attended  by  the  inconvenience  that  the  candle  is  con- 


FlG.  7. 
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stantly  decreasing  in  length.  Thick  stearin  candles,  the 
so-called  carriage  candles,  are  employed,  and  the  wick  is 
bent  in  the  direction  in  which  the  blowpipe  flame  plays. 

Gas  blowpipes  are  made,  in  which 
the  lamp  and  blow-pipe  are  combined. 
The  jet  tube  is  surrounded  by  another 
tube,  and  the  gas  is  passed  into  the 
space  between  the  two.    The  air  and 
gas  mix  near  to  the  open  mouths  of 
the  two  tubes,  and  the  flame  produced 
is  oxidizing  or  reducing  according  as 
much  or  httle  air  is  mixed  with  the 
gas.    Fig.  8  shows  a  common  blowpipe,  and  Fig.  9 
stand  blowpipe  with  this  arrangement. 


Fiu.  9, 


3.  Charcoal,  platinum,  and  glass  are  the  principal  sub- 
stances used  as  supports  before  the  blowpipe. 

Of  these  charcoal  is  the  most  important  on  account  of 
its  low  heat-conductivity  and  its  reducing  power.  That 
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from  light  woods,  such  as  fir,  is  the  best;  it  must  be  well 
burnt,  and  should  neither  smoke  nor  give  off  sparks. 

It  is  sawn  into  pieces  about  10  cm.  long,  3  cm.  wide, 
and  2  cm.  thick,  and  only  that  side  should  be  used  which 
shows  the  rings  of  growth. 

As  a  substitute  for  charcoal  may  be  used  the  so-called 
plastic-porous  charcoal  {plastisch-pordse  Kohle),  which  is 
produced  on  a  large  scale.  This  can  also  be  prepared 
by  working  up  charcoal  powder  to  a  plastic  mass  with 
starch  paste,  moulding  into  shape,  drying,  and  then  heat- 
ing in  a  closed  crucible  to  faint  redness,  in  order  to 
decompose  the  binding  material. 

As  another  kind  of  substitute  for  charcoal,  aluminium 
plate  may  be  advantageously  employed.  A  piece  about 
5  inches  long,  i  inches  broad,  and  of  the  thickness  of 
a  sixpenny  piece  is  taken,  and  one  end  is  bent  up  so  as 
to  form  a  ledge  ^  of  an  inch  deep,  at  a  slightly  acute 
angle  to  the  body  of  the  plate.  On  to  this  plate  a  small 
piece  of  charcoal,  about  ^  an  inch  square,  and  rather 
thicker  than  a  penny-piece,  is  laid,  upon  which  the  sub- 
stance under  investigation  is  brought.  The  plate  may  be 
cleaned  by  means  of  wash  leather  with  bone-ash  and 
water,  and  lasts  for  a  long  time. 

Platinum,  which  in  the  form  of  wire  is  very  frequently 
used,  is  preferable  to  charcoal  in  oxidation  tests  as  it 
exerts  no  reducing  action,  and  the  colour  of  beads  can 
be  more  easily  seen.  Platinum  wire,  of  the  thickness  of 
horse  hair,  is  cut  into  pieces  about  8  cm.  long;  one  end 
of  each  piece  is  then  bent  into  a  small  loop  to  serve 
as  support  to  the  flux  to  be  used.  Smaller  pieces  have 
one  end  fused  into  a  drawn-out  glass  tube,  which  serves 
as  handle.    U-shaped  loops,  which  are  mainly  used,  form 
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spherical  beads,  whilst  0-shaped  ones  form  flat  lens- 
shaped  beads,  which  in  the  case  of  deeply-coloured  beads 
show  the  colour  better.  To  have  a  clean  stock  of  wires 
on  hand  they  should  be  kept  in  a  glass  filled  with  water. 

Platinum  foil,  which  is  not  very  largely  employed, 
is  used  in  pieces  of  about  50  mm.  long  by  15  mm. 
wide.  A  small  platinum  spoon  is  very  useful  in  fusing 
substances  with  acid  potassium  sulphate  or  nitre.  A 
platinum  spiral,  from  2  to  3  mm.  wide,  made  by  coiling 
platinum  wire  around  a  lead  pencil,  may  be  used  for 
the  same  purpose. 

Glass  tubes  and  small  glass  matrasses  are  very  fre- 
quently employed,  and  should  always  be  kept  in  stock. 

For  heating  substances  in  air  (roasting)  glass  tubes 
about  6  mm.  in  diameter  and  100  mm.  long,  open  at 
both  ends,  are  used;  whilst  small  matrasses,  or  glass 
tubes  closed  at  one  end,  are  employed  for  heating 
substances  alone,  without  a  current  of  air. 

4.  Of  other  apparatus,  the  most  necessary  are  : 

An  agate  mortar  of  from  40  to  50  mm.  diameter. 

Forceps  with  platinum  points,  which  open  by  pressure. 

Steel  forceps. 

A  pair  of  steel  cutting  pincers,  to  cut  off  fragments 
from  minerals. 

A  small  hammer  and  anvil;  both  of  hardened  steel, 
and  well  polished. 

A  small  magnetic  needle. 

A  lens. 

A  spatula  of  polished  iron. 

Coloured  glasses :  a  blue  one,  coloured  by  cobalt;  a 
violet  one,  coloured  by  manganese;  a  red  one,  coloured 
by  suboxide  of  copper;  and  a  green  one,  coloured  by 
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iron  and  copper.  Such  glasses  as  are  used  for  coloured 
windows  are  usually  suitable. 

A  hollow  glass  prism  containing  indigo  solution 
(Fig.  lo).  It  should  be  about  150  mm.  long,  and  about 
35  mm.  through  at  the  stopper  end.  The  solution  is 
made  by  dissolving  i  part  of  indigo  in  8  parts  of  fuming 
sulphuric  acid,  diluting  with  from  1,500  to  2,000  parts 
of  water  and  filtering.  In  using  the  prism  it 
is  moved  in  a  horizontal  direction  close  before 
the  eye,  so  that  the  light  from  a  coloured 
flame  passes  through  a  gradually  increasing 
thickness  of  the  liquid. 

5-  The  reagents  employed  in  blowpipe  analy- 
sis should  be  as  pure  as  possible. 

Borax,  NaaBiOr  +  10H2O.  Commercial 
borax  should  be  recrystallized,  and  the  crystals, 
after  being  washed  with  distilled  water,  are 
then  dried  and  powdered.  On  heating,  borax 
fuses  with  intumescence  to  a  glass-like  mass, 
which  dissolves  metallic  oxides,  giving,  in  many 
Fig.  10.  cases,  characteristic  colours. 
Microcosmic  salt,  NHiNaHPOi  +  4H2O.  This 
should  give  a  perfectly  clear  bead  on  cooling  after  fusion ; 
if  the  bead  be  not  clear,  the  salt  must  be  purified  by  re- 
crystallization.  This  salt  is  employed  for  the  same  pur- 
pose as  borax.  By  heat  it  is  converted  into  sodium  meta- 
phosphate,  which,  with  metallic  oxides,  sometimes  yields 
more  beautiful  colours  than  borax,  and  in  other  cases 
gives  quite  different  ones.  As  this  reagent  efi"ervesces 
strongly  on  heating,  and  thus  very  easily  drops  from  the 
platinum  wire,  its  application  is  not  quite  so  general  as 
that  of  borax. 
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Sodium  carbonate,  NaaCOa,  must  be  free  from 
sulphate,  for  which  it  may  be  tested  according  to  par.  156. 
Sodium  bicarbonate  may  be  substituted  for  the  neutral 
carbonate. 

Sodium  carbonate  is  extensively  employed  as  a 
reducing,  dissolving,  and  decomposing  agent. 

Neutral  potassium  oxalate,  K2C2O4+2H2O, 
and  especially  potassium  cyanide,  KCN,  are  more 
powerful  reducing  agents  than  sodium  carbonate,  and 
are  to  be  preferred  in  cases  where  a  very  powerful 
flame  is  required  by  the  sodium  carbonate.  Pot- 
assium cyanide  fuses  easily,  and  it  is  usually  employed 
in  admixture  with  an  equal  amount  of  sodium  car- 
bonate. 

Potassium  nitrate,  KNO3,  and  potassium 
chlorate,  KCIO3,  are  employed  as  oxidizing  agents. 

Acid  potassium  sulphate,  HKSO,i.  The  anhy- 
drous salt,  coarsely  powdered,  is  kept  in  a  well  stoppered 
bottle.  It  serves  to  expel  volatile  substances,  which 
may  be  recognized  by  their  odour,  or  by  the  colour  of 
their  vapours ;  it  is  also  used  to  decompose  substances. 

Sodium  hyposulphite  (thiosulphate),  NaaSaOg, 
freed  from  its  water  of  crystallization  to  a  large  extent, 
serves  to  convert  metallic  oxides  into  sulphides. 

Fluorspar,  CaFg,  free  from  boric  acid,  for  which  it 
may  be  tested  according  to  par.  no,  is  used  for  the  detec- 
tion of  lithium  and  boric  acid.  It  is  advisable  to  keep  a 
mixture  of  one  part  of  finely-powdered  fluorspar  and 
four  parts  of  acid  potassium  sulphate,  in  a  special  bottle. 

Fused  boric  acid,  B2O3,  a  commercial  article,  is  kept 
in  small  fragments,  and  is  used  for  the  detection  of  small 
quantities  of  copper  in  lead. 
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Silica,  Si02,  used  in  testing  for  fluorine,  and  also  for 
sulphates  and  phosphates. 

Cobalt  nitrate,  Co(N03)2  +  6H2O,  in  solution.  One 
part  of  the  pure  salt  is  dissolved  in  ten  parts  of  water. 
As  this  reagent  is  always  applied  in  drops,  it  is  well 
to  have  it  in  a  bottle  provided  with  a  stopper  in  the 
form  of  a  pipette,  terminating  at  the  upper  end  in  a 
thistle-funnel,  across  which  is  stretched  a  piece  of 
bladder  or  sheet  indiarubber.  By  pressing  and  re- 
leasing the  bladder,  the  pipette  becomes  charged  with 
liquid,  which  can  be  expelled  in  drops  by  again  pressing 
the  bladder.    Such  bottles  can  be  bought. 

This  reagent  serves  for  the  detection  of  certain  earths 
and  metallic  oxides,  which  afford  characteristic  colours 
on  being  heated  with  it. 

Copper  oxide,  CuO,  can  be  easily  prepared  by  heat- 
ing copper  nitrate  in  a  porcelain  basin ;  it  is  used  for  the 
detection  of  chlorine,  bromine,  and  iodine. 

Silver  chloride,  AgCl,  made  into  a  thick  paste  with 
water,  is  used  for  intensifying  flame  colourations.  Fine 
iron  wire  is  to  be  used  with  this  reagent,  and  not 
platinum. 

Magnesium  wire,  in  pieces  about  5  mm.  long,  serves 
for  the  detection  of  phosphoric  acid. 

Tin  acts  as  a  powerful  reducing  agent  when  applied  to 
metallic  oxides  dissolved  in  beads.  Tinfoil,  cut  into 
narrow  strips,  is  rolled  up  tightly  into  thin  pencils.  On 
applying  one  of  these  to  a  heated  bead  on  charcoal,  a 
little  of  the  tin  dissolves;  the  bead  is  then  strongly 
heated,  for  a  short  time  only,  in  the  reducing  flame. 

Pure  lead  is  easily  obtained  by  placing  a  piece  of 
^inc  in  a  solution  of  lead  acetate.    The  precipitated  lead 
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is  repeatedly  washed  and  dried  between  folds  of  filter 
paper. 

Zinc  in  bar  or  in  the  granulated  condition  serves  in 
conjunction  with  hydrochloric  acid  for  the  detection  of 
several  rare  metals,  whose  solutions  are  reduced  by  the 
nascent  hydrogen,  yielding  characteristic  changes  of 
colour. 

Gold  grains,  of  50  to  80  mgr.  weight,  serve  to  test 
for  nickel  and  cobalt. 

Silver  plate  for  the  detection  of  sulphur  compounds. 

Test  papers  in  narrow  strips.  Red  and  blue  Htmus 
paper  for  acids  and  bases,  and  brazil-wood  paper  for  the 
detection  of  fluorine. 

Sulphuric  acid,  H2SO4,  in  the  concentrated  state, 
is  used  in  testing  by  means  of  flame-colouration. 

Nitric  acid,  HNO3,  serves  for  the  separation  of 
silver  from  gold. 

Hydrochloric  acid,  HCl,  is  used  in  testing  by 
flame-colouration,  in  the  detection  of  carbonic  acid  and 
ammonia,  and  together  with  zinc  for  the  detection  of 
several  rare  metals. 
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THE  OPERATIONS  OF  BLOWPIPE  ANALYSIS. 

6.  Blowpipe  analysis  depends  mainly  on  the  indica- 
tions afforded  by  substances  when  submitted  to  the 
oxidizing  or  reducing  action  of  certain  parts  of  a  flame 
modified  by  a  current  of  air.  The  action  of  the  flame 
depends  upon  its  structure.  If  a 
luminous  flame  such  as  that  of  a 
candle,  for  example,  be  carefully  ex- 
amined, it  will  be  seen  to  consist  of 
three  principal  parts : 

1.  A  dark  core  a  (Fig.  ii),  which 
contains  the  gaseous  products  of  de- 
composition yielded  by  the  tallow  or 
wax  drawn  up  by  the  wick. 

2.  A  strongly  luminous  zone,  bb\ 
in  which,  in  consequence  of  an  in- 
sufficient supply  of  air,  only  partial 
burning  of  the  combustible  gases  takes 

F"^-  place.    Oxygen  from  the  air  combines 

mainly  with  the  easily  combustible  hydrogen,  whilst  the 
carbon  is  separated  in  a  highly  heated  state,  causing 
the  luminosity  of  the  flame. 

3.  An  outer  bluish  mantle,  cc',  in  which  the  oxygen  of 
the  air  is  always  present  in  excess,  so  that  the  separated 
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carbon  is  here  completely  burnt.  The  highest  tempera- 
ture exists  in  this  part  of  the  flame,  and  an  oxidizable 
substance  placed  within  it  is  speedily  oxidized. 

Besides  these  three  zones  a  beautiful  clear  blue  border 
is  observable  at  the  base  of  the  flame.  Although  oxygen 
in  excess  is  present  here,  still  complete  combustion  does 
not  take  place,  as  the  temperature  is  too  low.  Water 
and  carbonic  oxide  are  produced,  the  latter  of  which 
burns  with  a  blue  flame. 

The  flame  of  an  oil  lamp  gives  the  same  appearances 
as  a  candle.  On  the  other  hand,  a  non-luminous  flame  is 
produced  by  the  Bunsen  lamp,  because  the  coal-gas  which 
issues  from  a  small  jet  within  and  near  to  the  bottom  of 
the  tube,  becomes  mixed  with  air  admitted  through 
openings  at  the  foot  of  the  tube.  Immediately  on  closing 
the  air-holes  the  flame  becomes  a  luminous  one,  of  the 
same  character  as  the  candle  flame. 

In  blowpipe  work,  only  the  outer  oxidizing  flame,  cc\ 
and  the  inner  luminous  reducing  f{ame,  bb\  are  considered. 

The  reducing  flame  is  produced  by  bringing  the  blow- 
pipe jet  to  the  edge  of  the  flame,  and  a  little  distance 
above  the  burner  or  the  wick.  A  gentle  current  is  then 
blown,  which  deflects  the  flame  without  completely 
passing  into  it,  so  that  the  flame  is  still  slightly  charged 
with  glowing  carbon. 

In  this  way  a  yellowish  luminous  flame  (Fig.  12)  is 
produced,  of  which  the  most  active  part  lies  between  a 
and  d,  and  nearest  to  a. 

The  oxidizing  flame  is  produced  by  passing  the  blow- 
pipe jet  a  little  further  into  the  flame,  up  to  about  a 
third  of  the  breadth  of  the  flame,  and  blowing  more 
strongly  than  before.     A  pointed  non-luminous  flame 
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(Fig.  13)  is  thus  obtained,  having  an  inner  blue  cone, 
before  the  point  of  which  the  hottest  part  of  the  flame  is 


Fig.  13. 

situated.  Substances  to  be  fused  are  placed  in  this  part 
of  the  flame,  whilst  substances  to  be  oxidized  are  placed 
somewhat  further  away,  so  that  besides  being  strongly 
heated  they  may  be  freely  exposed  to  the  air. 

If  the  substance  to  be  oxidized  is  supported  on  charcoal, 
a  weaker  blast  must  be  employed,  as  otherwise  a  portion 
of  the  charcoal  is  burnt  to  carbonic  oxide,  which  exercises 
a  reducing  action. 

The  inner  blue  cone  of  the  oxidizing  flame  has  a  weak 
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reducing  action  on  account  of  the  carbonic  oxide  it 
contains. 

Whilst  the  oxidizing  flame  can  be  easily  produced, 
:  some  practice  is  required  to  obtain  a  good  reducing  flame. 
It  is  necessary  that  the  reducing  flame  should  be  main- 
,  tained  unchanged  for  some  time,  and  that  the  assay  should 
be  completely  enveloped  in  it,  in  order  to  get  good  results ; 
but  the  assay  should  not  be  held  too  far  in  the  flame,  as 
soot  may  be  deposited  upon  it,  which  will  interfere  with 
the  reduction. 

The  blast  is  produced  by  the  muscles  of  the  cheeks 
without  co-operation  of  the  lungs.  The  mouth  is  filled 
with  air,  which  is' pressed  by  the  cheeks  through  the 
blowpipe,  whilst  the  passage  to  the  throat  is  stopped  by 
the  palate,  and  breathing  is  maintained  through  the 
nostrils.  When  the  mouth  requires  refilling  air  is  passed 
in  from  the  full  lungs,  but  without  any  effort  on  the  part 
of  the  muscles  of  the  breast.  These  operations  are 
repeated  continuously  without  interrupting  the  continuity 
of  the  blast.  Only  in  this  way  can  a  constant  current  of 
air  be  maintained  without  prejudicially  affecting  the 
health.  The  requisite  skill  is  soon  obtained  by  practising 
breathing  with  distended  cheeks,  then  taking  up  the 
blowpipe,  and,  whilst  blowing,  continuing  to  breathe 
neither  quicker  nor  slower  than  the  ordinary  rate. 

The  blowpipe  is  held  in  the  right  hand  so  that  the 
■  thumb  and  third  and  fourth  fingers  support  the  tube, 
•  whilst  the  first  and  second  fingers  rest  upon  it.  The 
;  forearm  leans  for  support  against  the  edge  of  the  table. 

7-  In  examining  substances  before  the  blowpipe,  it 
lis  necessary  to  take  the  various  operations  in  some 
'  definite  order.  The  following  order  is  a  convenient  one. 

B 
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Assay  of  the  substance  : 

1.  In  a  glass  tube  closed  at  one  end. 

2.  In  an  open  tube. 

3.  On  charcoal. 

4.  With  borax  and  microcosmic  salt. 

5.  As  to  flame  colouration. 

6.  With  reagents  (sodium  carbonate,  cobalt  solu- 

tion, sodium  hyposulphite,  acid  potassium 
sulphate,  zinc  and  hydrochloric  acid). 
As  regards  the  amount  of  substance  to  be  taken  for 
each  assay,  a  fragment  the  size  of  a  grain  of  mustard 
seed  will  generally  be  found  sufficient  for  most  purposes. 
When,  however,  a  metal  is  to  be  obtained  by  reduction, 
or  in  the  case  of  heating  in  a  glass  tube,  it  is  ad- 
vantageous to  take  a  somewhat  larger  quantity,  for  the 
greater  the  metalHc  bead  or  sublimate  obtained  the  easier 
is  it  to  judge  of  the  nature  of  the  substance.  A  portion  of 
the  substance  to  be  examined  should  always  be  reserved 
for  confirmatory  tests,  and  to  provide  for  unforeseen  events. 
By  way  of  precaution  the  lamp  should  be  placed  on  a 
large  sheet  of  paper,  with  turned-up  edges,  so  that  sub- 
stances accidentally  dropped  can  be  easily  found  again. 

ASSAY  IN  A  GLASS  TUBE  CLOSED  AT  ONE 

END. 

8.  The  substance  is  heated  over  a  Bunsen  lamp  or  spirit 
lamp,  either  in  a  small  tube  sealed  at  one  end  or  in  a 
small  matrass.  The  heat  is  applied  very  gently  at  first, 
and  is  increased  gradually  to  redness.  By  this  treatment 
it  is  ascertained  whether  the  substance  is  completely  or 
partly  volatile,  or  whether  it  suffers  any  other  change. 
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I.— THE  SUBSTANCE  IS  COMPLETELY  OR 
PARTIALLY  VOLATILIZED. 

The  following  appearances  are  considered  : 

9.  (i)  Water  is  given  off.  Water  is  given  off 
in  the  state  of  vapour  which  condenses  on  the  cool  part 
of  the  tube.  This  indicates  water  of  crystallization  [No. 
39],^  of  hydration,  or  water  mechanically  included  in  the 
crystals  of  the  substance  [No.  33].  In  the  last  case 
decrepitation  takes  place.  The  condensed  water  is 
examined  with  test  paper ;  an  alkaline  reaction  indicates 
ammonia,  an  acid  reaction  the  presence  of  a  volatile  acid, 
such  as  sulphuric,  nitric,  hydrochloric,  or  hydrofluoric 
acid. 

10.  (2)  Gas  or  Vapour  is  Evolved.  The  most 
commonly  occurring  are  : 

(a)  Oxygen  easily  detected  by  the  flaming  of  a  glowing 
chip  of  wood  held  in  the  tube.^  Oxygen  indicates  the 
presence  of  peroxides,  nitrates,  chlorates,  bromates,  or 
iodates  [No.  35]. 

(b)  Siclphur  dioxide,  detected  by  its  odour  of  burning 
sulphur,  and  its  action  on  blue  litmus  paper,  mainly 
mdicates  the  presence  of  sulphate's  or  sulphites. 

(c)  Sulphuretted  hydrogen,  known  by  its  odour,  arises 
from  sulphides  containing  water. 

(d)  Nitrogen  tetroxide,  recognized  by  its  reddish-brown 

prL^ete  the"S"  '°  °'  E-a,nples  for  Practice  which 

^suLTate"''ln"thisra^e1us'ad°rsLhl"f  "''^  ^  T^"  ^"-"'^  °f  the 
and  a  drop  of  su  phuri^  ac  d  On  ~°  f  ^f"'^-  s°dium  chloride 
is  easily  detected  Ci^s  odour  and  i  rhwf  ^^i* 
paper.  ^  ^"^      bleaching  action  on  moist  litmus 
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vapours  and  characteristic  odour,  indicates  nitrates  or 
nitrites  [No.  36]. 

(e)  Carbon  dioxide,  a  colourless,  odourless  and  incom- 
bustible gas,  which  turns  milky  a  drop  of  lime-water  adher- 
ing to  a  watch  glass,  results  from  the  decomposition 
of  carbonates,  or  of  such  oxalates  as  contain  a  reducible 
metallic  oxide. 

(f)  Carbon  monoxide,  which  burns  with  a  blue  flame, 
indicates  oxalates  or  formates;  in  the  latter  case  the 
substance  blackens. 

(g)  Cyanogen,  from  the  decomposition  of  cyanogen 
compounds,  is  indicated  by  its  peculiar  odour  and  the 
carmine-red  flame  with  which  it  burns. 

(h)  Ammonia,  known  by  its  odour  and  alkaline  re- 
action, indicates  ammonium  salts  [27],  or  organic  com- 
pounds containing  nitrogen ;  in  the  latter  case  the  mass 
usually  chars,  and  cyanogen  or  empyreumatic  oils  are 
produced. 

(i)  Hydrofluoric  acid,  which  attacks  the  glass  above 
the  substance  and  gives  it  a  dull  appearance. 

(k)  Chlorine,  bromine,  iodine  are  indicated  by  their 
odour  and  the  greenish-yellow,  brown,  or  violet  colour 
of  their  vapours.  Iodine,  when  in  not  too  small  quantity, 
condenses  and  forms  a  greyish-black  sublimate  on  the 
cool  part  of  the  tube. 

II.  (3)  A  sublimate  is  formed. 

a    WHITE  SUBLIMATES  are  formed  by  : 

(a)  Ammonium  salts.  The  sublimate  removed  from 
the  tube  is  placed  on  a  piece  of  platinum  foil;  it  is 
then  warmed  with  a  little  caustic  soda  and  a  drop  ot 
water.    Ammonia  is  evolved  [No.  34]- 
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(b)  Chlorides  of  mercury.  Mercurous  chloride  sub- 
limes without  previous  fusion,  whilst  mercuric  chloride 
first  fuses.  The  sublimate  is  yellow  when  hot,  but 
becomes  white  on  cooling  [Nos.  42,  43].  Mercuric 
oxide  gives  globules  of  mercury. 

(c)  Antimony  trioxide  fuses  to  a  yellow  liquid,  and  then 
sublimes  to  lustrous  needle-shaped  crystals  [No.  1 2]. 

(d)  Arsenic  trioxide  sublimes  to  octohedral  crystals 
[No.  22]. 

(e)  Tellurium  dioxide  behaves  similarly  to  antimony 
trioxide,  but  requires  a  higher  temperature  and  yields 
an  amorphous  subHmate. 

(f)  Osmimn  tetroxide  sublimes  in  white  drops  and  has 
an  extremely  unpleasant,  pungent  odour. 

/3.  GREY  or  BLACK  SUBLIMATES  with  metallic 
lustre  (the  so-called  metallic  mirrors)  are  formed  by: 

(a)  Metallic  arsenic  and  such  arsenides  as  contain 
more  than  one  equivalent  of  arsenic  to  two  equivalents 
of  metal;  also  some  sulpharsenides  [No.  73].  If  the' 
tube  be  cut  off  below  the  mirror,  and  the  latter  be 
gently  warmed,  the  peculiar  garlic-like  odour  of  arsenic 
will  be  perceived. 

(b)  Mercury  amalgams  and  some  mercury  salts.  The 
sublimate  consists  of  minute  beads  of  mercury,  which, 
by  friction  with  a  piece  of  copper  wire,  readily  unite 
to  larger  globules  [No.  44]. 

(c)  Some  cadmiiwt  alloys. 

^  (d)  Tellurium.  The  sublimate  forms  only  at  a  very 
high  temperature,  and  consists  of  small  globules  which 
solidify  on  cooling. 

7.  COLOURED  SUBLIMATES  are  formed  by: 

(a)  Sulphur  and  certain  sulphides  which  contain  much 
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sulphur.  The  subUmate  is  deep  yellow  to  brownish-red 
when  hot,  and  sulphur-yellow  on  cooling  [No.  71]. 

{b)  Antimony  sulphide  alone  or  in  combination  with 
other  sulphides.  The  sublimate  fonns  only  at  a  very 
high  temperature,  and  is  deposited  near  to  the  test-piece ; 
it  is  black  whilst  hot,  and  reddish-brown  when  cold 
[No.  70]. 

{c)  Arsenic  sulphides  and  some  compounds  of  sulphides 
with  arsenides.  The  sublimate  is  dark  reddish-brown 
whilst  hot,  and  red  to  reddish-yellow  when  cold 
[No.  76]. 

{d)  Cinnabar.  The  sublimate  is  black,  and  without 
lustre,  and  gives  a  red  powder  on  rubbing  [No.  77]. 

{e)  Sektiium  and  some  selenides.  The  sublimate 
forms  only  at  a  high  temperature ;  has  a  reddish  or  black 
colour,  and  gives  a  dark-red  powder ;  an  odour  of  rotten 
horse-radish  is  also  perceived  [No.  83]. 

The  non-appearance  of  the  foregoing  reactions  is  not 
sufficient  to  indicate  with  certainty  the  absence  of  the 
substances  described ;  sulphur,  arsenic,  tellurium,  and 
antimony  occur  in  many  compounds  which  give  no 
certain  evidence  of  the  presence  of  these  substances  on 
heating  in  a  closed  tube. 

11. -THE  SUBSTANCE  CHANGES  niTHOUT 
VOLA  TILIZA  TION. 

12.  Many  substances  change  in  aspect  only  without 
changing  in  constitution  on  being  heated  in  a  closed 
tube ;  the  following  appearances  should  be  noted  : 

I.  Change  of  colour  : 
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(a)  From  white  to  yellow,  becoming  white  again  on 

cooling;  zinc  oxide  [No.  10]. 
{i>)  From  white  to  yellowish-brown,  dirty  pale  yellow 

on  cooling ;  tin  oxide  [No.  9]. 

(c)  From  white  to  brownish-red,  yellow  when  cold ; 
lead  oxide  (fusible)  [No.  68]. 

(d)  From  white  to  orange-yellow  or  reddish-brown, 
pale  yellow  when  cold ;  bismuth  oxide  (fusible). 

(e)  From  red  to  black,  red  when  cold;  mercuric 
oxide  (volatile). 

(J)  From  red  to  black,  red  when  cold ;  ferric  oxide 
(non-volatile)  [No.  60]. 

2.  Fusion  :  alkaline  salts. 

3.  Carbonization :  organic  substances. 

4.  Phosphorescence :  alkahne  earths,  earths,  zinc 
oxide,  tin  oxide,  and  many  minerals. 

5.  Decrepitation  :  alkaline  chlorides,  galena,  and 
many  minerals. 

ASSAY  IN  OPEN  GLASS  TUBE. 

13.  A  fragment  of  the  substance,  or  a  little  powder  if 
the  substance  decrepitates,  is  placed  about  12  mm.  from 
one  end  of  an  open  glass  tube ;  the  latter  is  slightly 
inclined,  so  that  on  heating  it,  a  current  of  air  passes 
through.  The  substance  can  thus  be  heated  in  a  current 
of  air,  and  roasting  is  effected;  many  substances  thus 
give  sublimates  or  gaseous  products,  whilst  they  remain 
unchanged  when  heated  in  a  closed  tube.  Care  should 
be  taken  to  raise  the  temperature  gradually,  or  the  sub- 
stance may  be  volatilized  in  an  unoxidized  state. 

The  air  current  can  be  increased  or  diminished  at 
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pleasure  by  inclining  the  tube  more  or  less.  By  this 
means  the  following  substances  can  be  detected  : 

14. .  Sulphur.  Sulphur  dioxide  is  evolved,  known  by 
its  odour  and  action  on  moistened  blue  litmus  paper 
[No.  71]. 

15.  Arsenic.  A  very  volatile  white  sublimate  of 
arsenic  trioxide  is  formed,  consisting  of  minute  octo- 
hedral  crystals.  By  gently  heating,  it  may  be  driven 
from  one  part  of  the  tube  to  another  [No.  73]. 

16.  Antimony.  White  fumes  are  evolved,  which 
partly  escape,  and  partly  condense  in  the  upper  part  of 
the  tube.  The  sublimate  is  a  white  powder,  and  may, 
if  consisting  of  pure  antimony  trioxide,  be  volatilized  by 
heat.  In  most  cases,  however,  the  oxidation  proceeds 
further,  antimony  tetroxide  being  formed,  which  is  a  non- 
volatile white  powder  [No.  i]. 

17.  Bismuth.  When  not  combined  with  sulphur, 
bismuth  is  converted  into  the  fused  brown  oxide  which, 
on  cooling,  becomes  pale  yellow  [No.  27]. 

Mercury  and  Amalgams  yield  sublimates  of  metallic 
mercury  in  minute  globules  [No.  44]. 

18.  Tellurium  and  Tellurides.  These  become 
oxidized  to  tellurium  dioxide,  which  condenses  in  the 
upper  part  of  the  tube  to  a  white  non-volatile  powder. 
On  heating,  this  sublimate  fuses  to  colourless  drops,  thus 
differing  from  an  antimony  sublimate. 

19.  Selenium  and  Selenides.  These  give  the  char- 
acteristic odour  of  rotten  horse-radish,  and  yield  a  sub- 
Hmate  of  selenium,  which  is  steel-grey  near  to  the 
substance,  and  red  further  away  [No.  83]. 
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ASSAY  OF  THE  SUBSTANCE  ON  CHARCOAL 
[OR  ALUMINIUM  PLATE]. 

20.  The  substance  is  laid  in  a  shallow  cavity  near  to 
the  edge  of  the  charcoal,  which  is  held  somewhat  inclined, 
so  that  when  the  flame  is  applied,  an  incrustation  may 
be  deposited  on  the  charcoal  in  case  the  substance  yields 
one.  The  action  both  of  the  oxidizing  and  the  reducing 
flame  is  tried,  and  the  following  points  must  be  con- 
sidered :  fusibility,  decrepitation,  deflagration,  intum- 
escence, odour,  flame-colouration,  and  more  especially 
the  formation  of  incrustations,  and  reduction  to  the 
metallic  state. 

Should  aluminium  plate  be  employed  in  the  place  of 
charcoal,  the  substance  is  first  heated  on  the  bare  plate, 
and  afterwards  on  the  small  piece  of  charcoal  (see  p.  8). 
In  this  way  the  readily  volatile  metals  can  often  be 
detected,  together  with  difficultly  volatile  ones.  The 
incrustations  are  thicker  on  the  plate  than  on  charcoal, 
because  the  support  does  not  become  so  strongly  heated, 
and  the  vapours  are  caught  against  the  vertical  portion 
of  the  plate.  The  incrustations  obtained  are  further 
experimented  on  in  the  reducing  flame,  and  in  the 
peroxidizing  flame.  The  latter  is  obtained  by  bringing  a 
good  oxidizing  flame  within  one  or  two  inches  of  the 
incrustation  obtained. 

The  reactions  on  the  aluminium  plate  will  be  separately 
discussed  in  treating  of  the  various  incrustations.  1 

phfe'L^rl""^''  =^7.    The  aluminium 

plate  was  first  recommended  by  Ross,  in  his  treatise  on  '  Pyrology." 
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21.  (i)  Fusibility.  Of  non-metallic  compounds, 
the  following  are  easily  fusible :  most  of  the  alkaline  salts, 
and  some  of  the  salts  of  the  alkaline  earths  3  after  being 
strongly  heated,  their  residues  have  an  alkaline  reaction. 
Some  are  volatile,  and  cover  the  charcoal  with  an 
incrustation  (see  par.  39).  The  following  are  infusible,  and 
without  flame-colouration :  compounds  of  the  earths, 
and  of  the  alkaline  earths,  silica,  and  many  sili- 
cates. The  earths  and  alkaline  earths  emit  white 
light  when  heated,  and  are  further  examined  with  cobalt 
solution  (par.  60). 

Itifusible  with  cha?ige  of  colour :  zinc  oxide,  tin  oxide, 
titanium  dioxide,  niobium  pentoxide,  tantalum  pent- 
oxide,  and  tungsten  trioxide,  which  all  attain  a  temporary 
yellow  colour. 

Of  the  metals,  antimony,  lead,  cadmium,  indium, 
tellurium,  thallium,  bismuth,  zinc,  tin,  are  easily  fusible.; 
copper,  gold,  silver,  are  mo?-e  difficultly  fusible;  whilst 
iron,  iridium,  cobalt,  molybdenum,  nickel,  platinum, 
osmium,  palladium,  rhodium,  and  tungsten  are  infusible.^ 

(2)  Decrepitation.  Common  salt  and  other  haloid 
salts ;  substances  containing  mechanically  included  water  ; 
and  many  minerals. 

(3)  Deflagration.     Nitrates,    chlorates,  iodates, 

bromates.  .  . 

(4)  Intumescence.    Indicates  substances  contammg 

water ;  also  borates  and  alum. 

(5)  Odour.  Odour  of  sulphur  dioxide  indicates 
a  sulphide;  odour  of  garlic  indicates  arsenic;  odour  of 
rotten  horse-radish  indicates  selenium. 

22.  (6)  Flame  Colouration.  Many  elements  ex- 
hibit *  important  and  characteristic  flame  colourations 
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which  are  better  observed  on  platinum  wire  or  in  the 
platinum  forceps,  than  on  charcoal  (see  par.  41). 
The  most  important  colours  are  : 
Yellow :   sodium  salts. 

I' lithium      .  . 
Red :    -^  strontium  .  . 
[  calcium     .  . 


carmine-red. 

scarlet. 

yellowish-red. 


Green 


emerald-green, 
yellowish-green, 
finch-green, 
bluish-green, 
yellowish-green. 


Blue :  ^ 


Violet: 
23-  (7) 


cornflour-blue, 
bluish, 
pale  blue. 

azure  blue,  then  green. 


copper     .  . 
barium      .  . 
boric  acid 
phosphoric  acid 
molybdic  acid 

f  selenium  . 
'  arsenic     .    .  . 
lead  .... 
copper  chloride . 

potassium. 

Metal-reduction  and  formation  of 
incrustation.  Many  metallic  oxides  are  reduced  to 
the  metallic  state  when  treated  on  charcoal ;  some  are 
also  partly  volatilized,  and  others  are  so  quickly  vapour- 
ized,  that  none  of  the  metal  remains  behind.  These 
vapours  are  partly  deposited  on  the  cooler  portion  of  the 
charcoal,  forming  incrustations  which  afford  indications 
of  very  great  importance  as  to  the  nature  of  the  substance 
under  examination.  Care  must  be  taken  to  avoid 
mistaking  the  ash  of  the  charcoal  produced  wherever  the 
flame  plays,  for  an  incrustation. 

Most  of  the  metallic  oxides  can  be  reduced  by  means 
of  the  reducing  flame  alone  ■  some,  however,  can  only  be 
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thus  reduced  with  the  greatest  difficulty,  or  not  at  all. 
To  the  last  category  belong  the  oxides  of  copper,  cobalt, 
nickel,  and  iron.  If,  however,  such  a  substance  be  made 
into  a  paste  with  sodium  carbonate,  or  with  a  mixture 
of  this  and  potassium  cyanide,  or  if  potassium  oxalate 
be  used,  and  the  mixture  treated  in  the  reducing  flame, 
then  the  reduction  rapidly  takes  place.  The  appHca- 
tion  of  these  reagents  does  not  interfere  with  the  for- 
mation of  incrustations. 
In  this  way  are  obtained  : 

A.    REDUCED  METAL  WITHOUT  INCRUSTATION. 

24.  Gold,  silver,  and  copper  yield  glistening  malleable 
beads.  Molybdenum,  tungsten,  platinum,  palladium, 
iridium,  rhodium,  iron,  nickel,  and  cobalt,  give  a  grey 
infusible  powder,  which,  in  case  of  the  three  last-named 
substances,  is  magnetic. 

To  separate  the  reduced  metal,  the  portion  of  charcoal 
saturated  with  the  fused  mass  is  cut  out  and  ground 
with  water  in  a  small  agate  mortar,  the  liquid  con- 
taining the  light  particles  of  charcoal  being  poured  off. 
The  malleable  metals  then  remain  as  glistening  spangles, 
and  the  brittle  ones  as  metallic  powder.  Silver,  gold, 
and  copper  can  be  distinguished  by  their  white,  yellow, 
and  red  colours  ;  the  remaining  metals  are  discriminated 
by  further  treatment  with  borax  and  microcosmic  salt. 

B.    REDUCED  METAL  WITH  INCRUSTATION. 

25.  Antimony  fuses  easily  and  covers  the  charcoal 
with  white  oxide  situated  not  far  from  the  assay-piece. 
The  incrustation  can  be  chased  from  one  place  to  another 
by  the  oxidizing  flame,  but  disappears  entirely  under  the 
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reducing  flame,  the  latter  being  thereby  coloured  a  faint 
green.  If  metallic  antimony  be  fused  and  heated  to 
redness,  it  will  bum  for  a  short  time  even  when  left 
alone,  giving  off  at  the  same  time  dense  white  fumes, 
which  partly  condense  about  the  bead  in  the  form  of 
white  crystals,  having  a  pearly  lustre. 

On  aluminium  plate  the  incrustation  near  to  the  assay- 
piece  is  yellow,  further  away  pure  white,  and  still  further 
off  bluish-white.  Most  minerals  yield  antimony  on  the 
bare  plate.  The  peroxidizing  flame  darkens  the  yellow 
colour  momentarily,  whilst  the  reducing  flame  instantly 
blackens  all  parts  of  the  incrustation  [No.  i  ]. 

26.  Bismuth.  Fuses  easily  in  both  flames,  and 
gives  an  incrustation  which  is  orange-yellow  when  hot, 
and  lemon-yellow  when  cold.  The  incrustation  is  often 
surrounded  by  a  yellowish-white  ring  of  bismuth  carbonate. 
The  incrustation  lies  a  little  nearer  to  the  test-piece  than 
in  the  case  of  antimony.  It  can  be  driven  away  by 
either  flame,  but  differs  from  antimony  and  lead  in  im- 
parting no  colour  to  the  reducing  flame. 

On  the  bare  aluminium  plate,  little  or  no  incrustation  is 
obtained,  but  on  the  charcoal  support  a  sublimate  is  pro- 
duced which  is  yellow  nearest  the  test-piece,  passing  into 
orange,  and  this  into  brown.  Upon  the  ledge  also 
a  yellow  sublimate  is  formed.  The  peroxidizing  flame 
darkens  the  colour  of  the  yellow  and  orange  portions 
temporarily  (compare  lead),  whilst  the  reducing  flame 
blackens  both  [No.  2]. 

27.  Lead.  Easily  fusible;  incrusts  the  charcoal  in 
both  flames  with  oxide,  which  is  lemon-yellow  when  hot, 
and  suliDhur-yellow  when  cold,  and  is  surrounded  by  a 
white  border  of  lead  carbonate.    The  incrustation  is 
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about  as  far  from  the  test-piece  as  in  the  case  of  bismuth ; 
it  can  be  chased  away  by  either  flame,  the  reducing  flame 
becoming  coloured  of  a  sky-blue. 

On  aluminium  plate  an  incrustation  is  obtained  only 
on  using  a  charcoal  support,  as  is  the  case  with  bismuth. 
The  incrustation  is  coffee-brown,  surrounding  a  pale-yellow 
ring,  whilst  on  the  ledge  it  is  white.  The  yellow  and  white 
parts  become  brown  in  the  peroxidizing  flame,  retaining 
this  colour  on  cooling,  whilst  the  brown  colour  in  the  case 
of  bismuth  disappears  again  on  cooling.  In  the  reducing 
flame  all  parts  become  black  [No.  3]. 

28.  Tin.  Fuses  very  easily,  and  in  the  oxidizing 
flame  is  converted  into  oxide,  which  may  be  blown  away, 
and  thus  be  made  to  appear  as  an  incrustation.  It  is 
always  found  closely  surrounding  the  assay-piece,  is 
yellowish  whilst  hot,  white  when  cold,  and  non-volatile 
in  both  flames.  In  the  reducing  flame  the  fused  metal 
retains  its  metallic  lustre. 

On  aluminium  plate  afaint  white  incrustation  is  obtained 
by  long  heating  on  the  charcoal  support.  The  reaction 
on  the  support  is  the  same  as  that  on  charcoal,  just 
described  [No.  4]. 

29.  Silver.  As  stated  in  par.  24,  silver  oxide  is  easily 
reduced  to  a  brilliant  metallic  bead.  If  the  bead,  how- 
ever, be  heated  for  a  long  time  in  a  strongly  oxidizing 
flame,  a  dark-red  incrustation  is  produced.  If  the  silver 
contains  lead  or  antimony,  a  yellow  or  white  incrustation 
appears  before  the  red  one;  if  lead  and  antimony  be 
present  at  the  same  time,  the  incrustation  has  an  intense 
rose  colour  [No.  5]. 

On  aluminium  plate  a  brown  incrustation,  shading  off 
into  a  lighter  rim  having  a  reddish  tinge,  is  obtained. 
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Below,  near  to  the  glowing  edge  of  the  charcoal,  is  a 
narrow  strip,  almost  white,  with  faint  pink  tinge.  The 
peroxidizing  flame  darkens  all  parts,  whilst  the  reducing 
flame  produces  a  circle  of  white,  having  the  appearance  of 
frosted  silver.  The  rose-coloured  sublimate  produced  by 
silver  in  presence  of  antimony,  coming  out  beautifully  on 
aluminium  plate,  is  however  more  characteristic. 

30.  Gold.  On  charcoal  fuses,  but  gives  no  incrusta- 
tion. 

On  aluminium  plate  an  incrustation  is  produced  after 
heating  for  some  time  with  charcoal  support.  The  gold 
is  volatilized,  and  near  to  the  charcoal  a  yellow  film  of 
gilding  is  deposited  on  the  plate;  beyond  this  is  a  strip  of 
violet,  and  dotted  all  over  are  little  specks  of  gold 
carried  away  mechanically. 

31.  Thallium.  It  fuses  easily,  and  incrusts  the 
charcoal  with  white  oxide,  which  is  driven  away  by  slight 
warming ;  on  contact  with  the  flame,  this  latter  acquires  a 
green  colouration,  and  the  oxide  disappears.  The  fused 
bead,  which  also  colours  the  flame  green,  remains  fluid  for 
a  considerable  time  after  the  flame  is  removed,  and  some- 
times deposits  a  brown  incrustation  in  its  neighbour- 
hood. 

On  aluminium  plate,  a  copious  white  incrustation  is  first 
produced,  which,  as  the  temperature  of  the  plate  increases, 
IS  followed  by  a  brownish  one.  In  the  peroxidizing 
flame  the  white  part  instantly  turns  reddish-brown.  This 
change  takes  place  more  quickly  than  with  lead,  and  the 
colour  produced  is  very  different.    In  the  reducing  flame 

;  all  parts  become  black,  and  in  the  thickest  portions  little 

'  black  beads  can  be  seen  with  a  lens. 

32.  Indium.    It  fuses  easily,  and  forms  an  incrusta- 
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tion  near  to  the  test-piece,  which  is  dark-yellow  when 
hot,  yellowish-white  when  cold,  and  is  chased  away  with 
difficulty  by  the  reducing  flame,  this  latter  acquiring  a 
violet  tint. 

C.    INCRUSTATION  WITHOUT  METAL. 

33.  Arsenic.  It  volatiHzes  without  previous  fusion, 
developing  the  characteristic  garlic  odour,  and  covers  the 
charcoal  at  some  distance  from  the  test-piece,  with  a 
white  incrustation,  which  disappears  before  both  flames. 
The  volatile  incrustation  imparts  a  clear  blue  colouration 
to  the  flame. 

On  aluminium  plate  without  charcoal  support,  a  white 
sublimate  is  obtained,  and  a  black  stain  is  produced 
under  the  test-piece.  On  the  charcoal  support  when 
much  arsenic  is  present,  there  is  also  a  good  deal  of  grey- 
black  sublimate,  and  there  are  large  black  stains  on  the 
ledge.  In  the  peroxidizing  flame  the  white  portion  is 
unchanged,  but  volatilizes  rapidly  as  the  plate  gets  hot. 
The  grey  and  black  portions  are  somewhat  whitened  and 
partly  removed,  but  dark  stains  remain.  The  reducing 
flame  volatilizes  the  sublimate  rapidly,  and  the  arsenic 
smell  is  very  clearly  perceptible  [No.  6]. 

34.  Zinc.  It  fuses  readily,  and  burns  in  the  oxidiz- 
ing flame  with  an  intensely  luminous  greenish-white  flame, 
and  thick  white  fumes  are  evolved  which,  partly  condens- 
ing on  the  charcoal,  cover  it  with  oxide  which  is  yellow 
whilst  hot,  and  white  when  cold.  The  incrustadon 
becomes  luminous  under  the  oxidizing  flame,  but  does 

not  disappear. 

On  aluminium  plate  without  charcoal  support,  scarcely 
any  incrustation  is  obtained.    On  a  charcoal  support  a 
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black  film  is  obtained  immediately  the  metal  begins  to 
burn,  which  directly  gives  place  to  the  white  oxide  film. 
The  peroxidizing  and  reducing  flames  have  no  action  on 
the  incrustation.  Minerals  containing  zinc  do  not  give 
the  black  incrustation  [No.  7]. 

35.  Cadmium.  It  finises  easily,  and  burns  in  the 
oxidizing  flame  to  brown  oxide,  which  appears  as  brown 
fumes,  and  forms  an  incrustation  about  the  test-piece, 
whilst  the  flame  is  coloured  dark-yellow.  This  very 
characteristic  incrustation  is  reddish-brown  when  cold,  or 
in  thin  layers  orange-yellow,  and  is  easily  volatiHzed  by 
either  flame  without  imparting  colour  to  it.  About  the 
incrustation  may  be  noticed  a  variegated  border. 

On  aluminium  plate  a  dark-brown,  almost  black,  film  is 
obtained,  which  is  not  affected  either  by  the  peroxidizing 
or  the  reducing  flame.  On  the  edges  of  the  charcoal 
support  a  little  reddish-brown  oxide  is  usually  deposited 
[No.  8]. 

36.  Selenium.  It  fuses  easily  with  disengagement  of 
brown  fumes;  a  steel-grey  incrustation  of  feeble  metallic 
lustre  is  deposited  at  a  short  distance  from  the  assay. 
This  disappears  in  the  reducing  flame,  evolving  a 
strong  odour  of  rotten  horse-radish,  and  imparting  to 
the  flame  a  fine  blue  colour. 

On  aluminium  plate  with  charcoal  support  a  red  incrusta- 
tion is  formed,  and  along  with  it  some  brown  and  white 
film.  The  peroxidizing  flame  whitens  the  red  and  brown 
parts,  whilst  the  reducing  flame  gives  to  all  parts  a  deep 
brown  colour  [No.  83]. 

37.  Tellurium.  It  fuses  very  easily,  and  coats  the 
charcoal  in  both  flames  with  tellurium  dioxide.  The  incrus- 
tation is  deposited  near  to  the  assay,  has  a  white  colour 
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with  reddish  or  dark-yellow  border,  and  disappears  in 
the  reducing  flame,  the  latter  acquiring  a  green  colour. 

On  aluminium  plate,  with  and  without  the  charcoal 
support,  it  forms  close  to  the  assay  a  strong  incrustation 
of  a  blackish  colour,  which  is  brown  in  thin  films.  Where 
the  deposit  is  thickest,  it  forms  on  short  exposure  to  the 
flame,  but  better  with  the  peroxidizing  flame,  a  white 
layer  of  tellurium  dioxide.  The  reducing  flame  colours 
all  parts  black  ;  on  longer  blowing  the  deposit  disappears 
where  the  flame  plays  upon  it,  this  latter  becoming  thereby 
tinged  green. 

38.  Molybdenum.  The  metal,  a  grey  infusible 
powder,  oxidizes  in  the  outer  flame,  and  gives  a  partly 
crystalline  incrustation,  which  is  yellow  whilst  hot,  and 
white  when  cold.  By  momentary  exposure  to  the  flame, 
the  incrustation  becomes  a  beautiful  dark-blue  colour 
(molybdic  molybdate) ;  by  longer  heating  it  becomes  dark 
copper-red,  with  metaUic  lustre  (molybdenum  dioxide). 

On  aluminium  plate  the  sublimate  (best  obtained  from 
molybdenite  or  ammonium  molybdate)  is  produced  with- 
out charcoal,  and  is  light-yellow  with  white  film.  The 
peroxidizing  flame  darkens  the  colour  somewhat,  whilst 
the  reducing  flame,  by  momentary  contact,  produces  a 
beautiful  blue  colouration. 

39.  Besides  the  above-named  elements,  there  are  other 
substances  that  yield  white  incrustations  which  may,  with 
few  exceptions,  be  driven  away  when  played  upon  by  the 
oxidizing  flame,  and  which  bear  some  resemblance  to 
those  described.  The  most  important  bodies  of  this 
kind  are  the  following : 

I.  The  sulphides  of  the  alkalis,  of  lead,  bismuth, 
antimony,  zinc  (incrustation  non-volatile),  tin  (incrustation 
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non- volatile),  and  the  chlorine,  iodine,  and  bromine  com- 
pounds of  ammonium,  mercury,  and  antimony:  they 
incrust  the  charcoal  without  previously  fusing  or  sinking 
into  the  support. 

2.  The  compounds  of  the  alkalis  with  chlorine, 
bromine,  iodine,  and  sulphuric  acid :  they  fuse  and  sink 
into  the  charcoal  before  they  evaporate. 

3-  The  chlorine,  bromine,  and  iodine  compounds  of 
lead,  tin,  bismuth,  zinc,  and  cadmium,  which  fuse  but  do 
not  sink  into  the  charcoal  before  they  incrust  it. 


EXAMINATION  WITH   BORAX  AND 
MICROCOSMIC  SALT. 

40.  Many  metallic  oxides  possess  the  property  of 
being  at  a  high  temperature  dissolved  by  borax  and  by 
microcosmic  salt  with  a  characteristic  colour.  These 
fluxes  serve,  therefore,  as  valuable  reagents  for  the  detec- 
tion of  such  oxides.  Unoxidized  metals,  and  those  which 
are  combined  with  sulphur,  arsenic,  or  antimony,  differ 
in  this  respect  very  materially  from  the  pure  oxides ; 
such  compounds  must  therefore  be  subjected  to  a  pre- 
liminary roasting  on  charcoal,  or  in  an  open  glass 
tube,  so  as  to  be  converted  into  oxide  before  they 
can  be  thus  examined.  During  the  roasting,  the  finely 
powdered  assay  must  not  be  heated  too  strongly, 
especially  at  first,  or  it  may  be  fused,  in  which  case 
oxidation  can  only  proceed  with  difficulty. 

Platmum  wire  is  commonly  used  as  support  during  this 
examination,  as  the  colour  of  the  glass  formed  upon  it 
can  easily  be  seen.    Charcoal  is  employed,  however,  in 
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the  treatment  of  such  oxides  as  are  readily  reducible  to 
metal  which  attacks  platinum. 

In  order  to  get  a  borax  bead  on  the  platinum  wire, 
a  small  loop  is  formed  on  the  end  of  the  latter ;  this  is 
then  moistened  or  heated,  plunged  into  the  borax  powder, 
and  afterwards  heated  to  fuse  the  adhering  material. 
These  operations  are  repeated  until  a  sufficiently  large 
bead  is  obtained. 

The  microcosmic  salt  bead  is  similarly  obtained,  but 
is  more  difficult  of  preparation,  as  the  reagent  froths  up 
so  long  as  water  and  ammonia  are  evolved,  and  very 
readily  drops  from  the  wire.  Only  small  quantities  at  a 
time  must  therefore  be  taken  up,  unless  the  salt  is 
previously  fused  to  a  bead  on  charcoal  and  then  trans- 
ferred to  the  wire. 

To  take  up  the  substances,  the  perfectly  colourless 
bead,  whilst  still  soft  or  after  being  moistened,  is  brought 
into  contact  with  a  small  quantity  of  the  powder. 

The  substance  is  in  the  first  place  subjected  to  the 
oxidizing  flame,  and  it  is  noticed  whether  the  assay 
dissolves  easily  or  with  difficulty,  quietly  or  with  eff'erves- 
cence,  and  whether  the  bead  is  clear,  opaque  (enamel- 
like), or  coloured.  The  changes  which  frequently  take 
place  during  cooling  are  to  be  especially  noted. 

The  bead  is  then  brought  into  the  reducing  flame  and 
the  results  compared  with  those  previously  obtained. 
The  addition  of  a  small  piece  of  tinfoil  to  the  bead  (as 
a  rule  on  charcoal)  increases  very  materially  the  action  of 
the  reducing  flame. 

In  order  to  observe  the  colour  when  strongly  colouring 
substances  are  under  examination,  the  bead  whilst  hot 
may  be  flattened  with  a  pincette,  or  a  circular  loop  may  be 
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formed  on  the  wire,  which  will  give  a  lens-shaped  bead. 
The  pearl  may  also  be  jerked  off  the  wire  whilst  still  hot 
into  a  porcelain  dish,  and  after  breaking  it  up  a  portion 
may  be  taken  up  on  to  a  new  pearl.  The  bead  is  jerked 
off  the  wire  by  striking  the  ball  of  the  hand  upon  the 
table,  the  end  of  the  wire  being  held  over  the  dish. 

Flaming.  In  many  cases  when  a  transparent  bead 
is  intermittently  heated  in  the  flame,  or  is  repeatedly 
taken  out  of  the  flame,  peculiar  effects  are  obtained. 
This  operation  has  received  the  name  of  "  flaminc^ " 
Clear  beads  frequently  become  opaque,  milk-white,  or 
even  coloured.  This  depends  on  the  fact  that  certain 
compounds  which  dissolve  at  a  high  temperature  separate 
out  on  being  heated  to  a  somewhat  lower  temperature, 
appearing  as  peculiar  crystals,  which  are  sufticiently  well 
formed  in  most  cases  to  be  visible  under  the  microscope 
when  the  bead  has  been  flattened  whilst  hot,  or  when  it 
has  been  dissolved  in  dilute  acid  so  as  to  isolate  the 
crystals. 

The  behaviour  of  the  metallic  oxides  with  borax  and 
microcosmic  salt  is  shown  in  the  following  tables.  They 
are  arranged  according  to  the  colour  yielded  by  the  hot 
bead  when  acted  on  by  the  oxidizing  flame,  and  the 
reactions  of  the  oxidizing  and  reducing  flames  are  given 
in  the  same  line.  It  may  be  here  remarked  that  the 
microcosmic  beads  are  often  more  beautiful  than  those 
of  borax,  and  are  occasionally  different  in  colour. 

The  behaviour  of  the  metallic  oxides  to  these  reagents 
IS  also  given  in  the  third  and  fourth  columns  of  the  table 
at  the  end  of  the  book,  where  the  metals  are  arranged  in 
alphabetical  order. 
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EXAMINATION  WITH  RESPECT  TO  FLAME 
COLOURATION. 

41.  Many  bodies,  especially  the  alkalis  and  alkaline 
earths,  are  readily  detected  by  the  characteristic  colours 
which  they  impart  to  a  non-luminous  flame.  The 
several  salts  of  a  flame-colouring  element  afford  the 
same  reaction,  but  with  an  intensity  varying  with  the 
volatility  of  the  salt  used.  The  chlorides  yield  the 
best  colouration,  and  for  this  reason  the  substance 
under  examination  is  moistened  with  hydrochloric 
acid,  or  is  treated  with  silver  chloride  and  again 
heated. 

In  this  examination  the  blue  blowpipe  flame  may 
be  used,  or,  what  is  much  more  convenient,  the  non- 
luminous  flame  of  a  Bunsen  burner  provided  with  a 
chimney.  The  assay  is  held  by  the  platinum  forceps 
or  in  a  platinum  wire  loop  whilst  inserted  in  the  flame; 
a  liquid  is  carried  in  a  flattened  platinum  loop.  The 
indications  are  best  seen  against  a  dark  back-ground,  and 
in  a  room  where  there  is  neither  direct  sunlight  nor 
much  diffused  light. 

If  several  of  the  flame-colouring  elements  occur  to- 
gether, a  mixed  colour  of  intermediate  character  may 
result,  or  it  may  happen  that  the  colour  produced  by 
one  element  quite  overpowers  the  others  ;  for  example, 
if  a  sodium  and  potassium  compound  occur  together 
the  violet  colour  due  to  potassium  is  quite  mvisible. 
To  detect  the  elements  in  such  a  case  the  methods 
given  in  pars.  42  and  43  are  applied. 

The  reactions  given  by  the  flame-colourmg  elements 
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in  the  pure  state,  arranged  according  to  the  colours 
produced,  are  as  follows  : 

Red  Flames. 

Lithium :   carmine-red.      Sodium  salts  obscure  the 
reaction. 

Strontium  :  scarlet  -  red.^  \  Barium  salts  obscure  the 
Calcium:  yellowish  -  red.  ^  J  reaction. 

Yellow  Flames. 

Sodium.:  orange-yellow. 

Green  Flames. 

Copper  oxide:  emerald-green;  after  moistening  with 

hydrochloric  acid,  blue. 
Thallium  :  grass-green. 

Phosphoric  acid:  bluish-green. In  their  salts,  after 
Boric    acid :      yellowish-green  V    moistening  with 

(finch-green).  j     sulphuric  acid. 

Barium  salts :  yellowish-green,  i 
Molybdic  acid :  faint  yellowish-green. 
Tellurious  acid:  green,  with  evolution  of  fumes. 
Nitric  acid :  bronze-green,  quickly  disappearing. 

Blue  Flames. 

Copper  chloride :  azure-blue,  aftenvards  green. 
Inditim :  indigo-blue. 

Selenium:  corn-flower  blue,  accompanied  by  odour 

of  rotten  horse  radish. 
Arsenic:  bluish. 
Antimony :  faint-green. 
Lead:  blue. 

>  Especially  after  moistening  with  hydrochloric  acid. 
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Violet  Flames. 

Potassium :    violet-red.     Sodium   and  lidiium  salts 
obscure  the  reaction. 

Cesium:     I  like  potassium. 
Rubidium  :  J  ^ 

42.  In  order  to  detect  several  flame-colouring  ele- 
ments when  occurring  together,  it  is  easiest  and  best 
to  use  the  spectroscope.  If  a  coloured  flame  be  ob- 
served by  means  of  the  spectroscope,  bright  coloured 
lines  upon  a  dark  ground  are  perceived.  This  arises 
from  the  fact  that  each  element  gives  out  a  light 
peculiar  to  itself  which  is  resolved  into  single  rays  by 
the  prism  of  the  spectroscope,  and  these  rays  form  the 
lines  seen  in  the  apparatus.  The  lines  vary  in  colour, 
position,  and  manner  of  grouping  with  each  element : 
these  characteristic  differences  form  the  basis  of  the 
most  sensitive  and  exact  method  of  analysis,  the  so- 
called  spectrum  analysis. 

The  spectrum  lines  of  the  most  important  elements 
are  given  in  the  frontispiece,  and  also  in  the  following 
table.  The  numbers  in  this  table  indicate  the  divisions 
of  a  scale  on  which  the  various  lines  fall  when  the 
sodium  line  coincides  with  the  fiftieth  division.  The 
heavy  figures  represent  the  prominent  characteristic  lines, 
the  lighter  figures  indicate  the  fainter  Hues,  which  only 
appear  at  high  temperatures  and  then  soon  disappear. 
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The  direct-vision  pocket  spectroscope,  such  as  that 
of  Browning,  which  is  well  adapted  for  blowpipe  investi- 
gations, contains  no  scale  ;  notwithstanding  this,  the 
relative  positions  of  the  various  lines  can  easily  be 
obtained  from  the  table.  For  example,  if  the  spectrum 
of  strontium  be  under  consideration,  a  glance  at  the 
table  shows  that  it  contains  a  great  number  of  lines  in 
the  red  and  orange  parts  of  the  spectrum  and  one  line 
in  the  blue  part,  and  that  amongst  these  one  orange  and 
one  blue  line  are  especially  characteristic. 

It  is  scarcely  necessary  to  remark  that  a  knowledge 
of  the  spectrum  founded  on  repeated  observation  is 
better  than  any  amount  of  description  or  measuring. 

43.  Many  flame-colouring  constituents  can  be  success- 
ively detected  without  the  spectroscope,  as  Merz^  has 
shown,  by  the  employment  of  coloured  glasses,  and  by 
taking  advantage  of  the  differences  in  volatility  of  the 
substances. 

The  action  of  coloured  glasses,  which  are  held  close  to 
the  eye  when  being  used,  depends  on  the  fact  that  they 
only  transmit  certain  rays,  all  others  being  absorbed. 
Red  glass,  for  example,  stops  all  rays  except  red  ones ; 
and  blue  glass  stops  certain  red  and  green  rays  together 
with  the  whole  of  the  yellow.  In  the  case  of  a  flame 
coloured  by  a  mixture  of  sodium  and  potassium  salts,  a 
blue  glass  absorbs  the  yellow  rays,  due  to  sodium,  and 
allows  only  the  violet  rays,  due  to  potassium,  to  pass 
through. 

In  order  best  to  observe  the  successive  reactions 
afforded  in  consequence  of  the  varying  volatility  of  the 

.  G.  Merz:  Flammenfarbungen,  J  cum.  prakt.  Chcmic,  Bd.  80, 
p.  487- 
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different  constituents  of  a  mixture,  the  substance  is  first 
brought  just  into  the  border  of  the  flame,  then  into  the 
mantle,  and  lastly  into  the  hottest  part  of  the  flame.  The 
following  three  kinds  of  reactions  are  thus  obtained  :i 

(1)  Border  colours  which  are  formed  outside  of  the 
>    flame  itself  and  are  only  yielded  by  the  most  volatile 

substances.  They  are  obtained  by  holding  the  platinum 
loop  outside  the  lower  part  of  the  flame,  and  parallel 
with  its  axis,  at  a  distance  of  from  i  to  2  mm. 

(2)  Mantle  colours,  which  make  their  appearance  in  the 
outer  non-luminous  part  of  the  flame.  They  are  obtained 
by  holding  the  loop  vertically  and  about  i  mm.  ofl" 
the  flame. 

(3)  Flame  colours  which  extend  over  the  greater  half  of 
the  whole  flame  j  they  are  obtained  by  holding  the  loop 
horizontally  in  the  hottest  part  of  the  mantle. 

All  flame-colouring  substances  may,  according  to  their 
volatility,  be  arranged  in  three  classes  :  (i)  certain  acids, 
(2j  alkalis,  and  (3)  alkaline  earths  ;  to  which  we  may  add 
one  of  the  heavy  metals,  copper. 

If  substances  be  brought  into  the  flame  in  the  manner 
given  above,  we  may  detect 


I.- THE  ACIDS. 

44-  (a)  Nitric  and  nitrous  acids  give  a  bronze-j 
Tder  colour,  with,  as  a  rule,  an  orange-coloured  mj 
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The  assay  is  first  dried  in  the  flame,  and  then  either 
moistened  with  dikite  hydrochloric  acid  or  with  a  solution 
of  acid  potassium  sulphate  according  as  nitrous  or  nitric 
acid  is  looked  for.  Ammonium  and  cyanogen  compounds 
give  the  same  reaction  but  somewhat  weaker. 

45.  (b)  Phosphoric  acid  yields  a  greyish  yellow-green 
border  colour  after  moistening  with  sulphuric  acid.  In 
presence  of  boric  acid,  phosphoric  acid  can  only  be 
detected  by  the  green  flame  produced  on  heating  in  a 
hydrogen  flame  after  moistening  with  a  solution  of  hydro- 
fluosilicic  acid.  For  this  purpose  the  hydrogen  is  emitted 
from  a  platinum  jet,  for  example,  the  side  tube  of  a 

blowpipe  [No.  27]. 

46.  (c)  Boric  acid  gives  a  beautiful  green  mantle 
colour,  which  is  so  intense  that  the  acid  can  be  detected 
in  presence  of  a  considerable  amount  of  phosphoric  acid. 
Borates  require  to  be  previously  decomposed  by  sulphuric 

acid  [No.  26]. 

47.  (d)  Molybdic  acid  gives  a  yellowish-green  flame 
colour,  similar  to  that  yielded  by  barium  salts  [No.  79]. 

48.  (e)  Hydrochloric  acid,  or  a  chloride  moistened  with 
sulphuric  acid,  yields  a  very  faint  greenish  mantle  colour  ; 
the  colouration  appears  momentarily  only,  and  generally 
escapes  detection. 


jj,^THE  ALKALIS. 

49  (a)  Potassium  gives  a  greyish -blue  mantle 
colour  and  a  rose-violet  flame  colour.  The  colour 
appears  reddish-violet  through  blue  glass  ^  (detection 

1  Cartmell,  Phil.  Mag.,  May  1838,  p.  328. 
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in  presence  of  sodium),  violet  through  violet-coloured 
glass,  and  bluish-green  through  green  glass.  Potass- 
ium is  detected  in  the  presence  of  lithium  by  means 
of  green  glass,  of  a  considerable  thickness  of  blue  glass, 
or  by  the  indigo-prism.  The  potassium  flame  is 
visible  through  all  thicknesses  of  the  prism,  whilst 
the  lithium  flame  is  invisible  after  a  certain  thickness 
is  reached.  This  point  is  ascertained  by  a  previous 
experiment  with  lithium  chloride  and  is  marked  on  the 
prism,  the  part  beyond  this  only  allowing  potassium  rays 
to  pass.^ 

The  assay  is  moistened  with  sulphuric  acid,  dried  and 
again  brought  into  the  flame  for  a  short  time.  Organic 
compounds,  which  become  carbonized,  must  be  previously 
decomposed  by  ignition  as  they  also  give  a  violet  flame 
and  the  red  and  violet  rays  of  the  glowing  platinum  wire 
must  not  be  mistaken  for  the  potassium  reaction;  in 
the  latter  case  the  colouration  always  ascends  from 'the 
assay  towards  the  point  of  the  flame. 

50.  (b)  Sodmm  gives  an  orange-yellow  flame  colour, 
which  m  quantity  appears  blue  through  blue  glass  but 
'  which  IS  invisible  when  less  in  amount.    Viewed  through 
k  green  glass  the  flame  has  an  orange-yellow  colour,  charac- 
teristic of  sodium  in  all  its  compounds.    If  a  crystal  of 
potassium  bichromate  be  held  near  to  the  sodium  flame 
the  former  becomes  quite  colourless,  and  a  red  smear  of 
imercuric  iodide  on  paper  becomes  white  with  a  faint 
itinge  of  fawn  colour. 

The  assay  is  moistened  with  sulphuric  acid,  dried,  and 

fnd  581     "  ^^"^^  33 

'  Bunsen,  Ann.  Chem.  Pharm.  cxi.  p.  267. 
D 
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51.  (c)  Ltthtiitn  yields  a  carmine-red  flame  colour 
which  appears  violet-red  through  blue  glass,  and  carmine- 
red  through  violet  glass,  but  is  invisible  through  green 
glass.    In  the  presence  of  sodium,  lithium  is  detected 
by  means  of  the  blue  glass.  In  the  presence  of  potassium 
the  following  method,  given  by  Bunsen,^  may  be  em- 
ployed.   The  assay  is  brought  into  the  melting  space  of 
a  Bunsen  gas-lamp,  and  this  flame  is  compared  simul- 
taneously, through  an  indigo  prism,  with  one  obtained 
from  a  pure  potassium  salt  held  in  the  corresponding 
part  of  the  flame  opposite  to  the  assay.    Through  the 
thinnest  layers  of  the  solution  the  lithium  flame  appears 
redder  than  the  pure  potassium  flame ;  through  thicker 
layers  the  flames  appear  equally  red,  when  the  proportion 
of  lithium  to  potassium  is  very  small.     If  lithium  pre- 
dominates in  the  assay  the  intensity  of  the  red  flame 
diminishes  rapidly  as  the  prism  is  moved;  whilst  the  pure 
potassium  flame  is  scarcely  weakened  at  all.    In  this  way 
a  thousandth  part  of  lithium  in  a  potassium  salt  can  be 
detected.    Sodium,  when  not  present  in  very  large  ex- 
cess, modifies  these  effects  but  slightly  [No.  59]. 

Potassium  and  Hthium  are  not  likely  to  be  confounded 
with  strontium,  if  the  assay  be  treated  as  described  under 
potassium,  since  strontium  compounds  are  not  vola- 
tilized at  the  low  temperature  thus  obtained. 

HI— THE  ALKALINE  EARTHS. 

The  assay  is  repeatedly  moistened  with  sulphuric  acid, 
dried  and  placed  in  the  hottest  part  of  the  mantle.  After 
all  alkalis  are  volatilized  the  following  reactions  appear : 

52.  (a)  J3arium  affords  a  yellowish-green  flame  colour, 

>  Bunsen,  loc.  cit. 
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which,  through  green  glass,  appears  bluish-green.  If  the 
green  gives  place  to  a  red  flame  colour  (calcium,  brick-red ; 
strontium,  scarlet-red)  the  assay  is  repeatedly  moistened 
witli  hydrochloric  acid  and  brought,  whilst  still  moist, 
into  the  hottest  part  of  the  flame.  If  no  bluish-green 
colour  appears  when  viewed  through  green  glass,  even 
when  the  assay  is  spitting,  the  examination  for  calcium 
is  proceeded  with. 

53-  (b)  Calcium  gives  a  yellowish-red  flame  colour, 
which  during  the  spitting  of  the  assay  {i.e.  when  the  last 
portion  of  hydrochloric  acid  is  disappearing),  appears  finch- 
green  through  green  glass.  Strontium  gives  under  these 
circumstances  a  momentary  faint-yellow  colour  [No.  29]. 

54-  (c)  Strontium  is  known  by  the  purple  to  rose 
colour  which  appears  through  blue  glass  as  the  assay  spits 
in  the  flame  after  being  moistened  with  hydrochloric  acid. 
Under  the  same  conditions  calcium  gives  a  faint  greenish- 
grey  [No.  53]. 

IV.~COPPER. 

55-  Copper  Chloride  [No.  40]  gives  a  sky-blue  flame 
colour ;  the  nitrate  yields  a  pure  green  one.  All  doubt- 
ful cases  can  be  solved  by  the  combination  of  the  two 
reactions  [No.  69]. 

56-  The  remaining  flame-colouring  elements,  as  arsenic, 
tm,  lead,  mercury,  and  zinc,  aff^ord,  especially  as  chlorides 
more  or  less  intense  bluish  to  greenish  mantle  colours 
which  however,  are  of  no  great  value  in  analysis.  As  a 
mle  the  appearance  of  these  colours  can  be  prevented  by 
mois  ening  with  sulphuric  acid.  It  is  best,  however,  to  expel 
on  charcoal  the  metals  which  give  an  incrustatioi ,  before 
testing  for  alkalis  or  alkaline  earths  by  flame^colou  ation 
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57.  In  order  to  detect  the  alkalis  in  silicates  it  is  suffi- 
cient to  decompose  the  assay  on  platinum  wire  with  some 
pure  gypsum.  If,  on  the  contrary,  the  alkaline  earths  are 
sought  for,  the  decomposition  must  be  effected  by  means 
of  sodium  carbonate.  The  substance  is  fused  with  the 
reagent  in  a  platinum  spoon,  the  fused  mass  extracted 
with  water,  and  the  residue  treated  with  hydrochloric  acid, 
when  silicic  acid  separates  out,  the  solution  being  ex- 
amined in  the  flame. 

EXAMINATION  WITH  REAGENTS. 
Reactions  with  Sodium  Carbonate. 
58.  In  addition  to  its  employment  for  the  reduction  of 
metallic  oxides  as  described  in  par.  23,  sodium  carbonate 
is  also  applied  in  the  fused  condition  to  certain  substances 
which  under  this  treatment  yield  compounds  which  are 
fusible  in  some  instances,  and  infusible  in  others.  The 
substance  in  a  finely  powdered  condition  is  mixed  with 
the  carbonate,  moistened  slightly,  and  placed  in  a  cavity 
made  in  the  charcoal.  It  is  then  heated,  first  gently,  to 
expel  the  moisture,  and  afterwards  as  strongly  as  possible. 

The  following  oxides  cause  effervescence  and  yield 
fusible  compounds  : 

Silica  fuses  to  a  transparent  glassy  mass,  which  reraams 
clear  on  cooling  if  the  carbonate  has  not  been  added  m 
too  great  excess  [No.  51].  •   ■,  1 

Titanium  dioxide  fuses  and  gives  a  glass  which  is  dark 
yellow  when  hot;  on  cooling  this  becomes  turbid  and 

crystalline.  , 
Tungsten  trioxide  and  Molybdenum  trioxide  are  absorbed 
by  the  charcoal  after  expulsion  of  the  carbonic  acid 
[Nos.  20  and  16]. 


6o]  EXAMINATION  WITH  REAGENTS.  53 

Tantalum  dioxide,  Vanadium  pentoxide  and  Niobium 
penioxide,  also  form  fusible  compounds  and  sink  into 
the  charcoal. 

Besides  these  oxides,  barium  and  sirontiicm  salts  form 
fusible  compounds  with  sodium  carbonate,  and  are 
absorbed  by  the  charcoal.  Lime,  magnesia,  alumina, 
zirconia,  thoria,  yttria,  and  bcryllia,  as  well  as  cerium 
and  uranium  oxides,  are  not  attacked ;  they  remain  behind 
unchanged  whilst  the  carbonate  of  soda  sinks  into  the 
charcoal. 

59.  Sodium  carbonate  is  also  used  for  the  detection  of: 

(a)  Sulphur,  Selenium,  and  Tellurium  compoimds,  which 
give  with  it  a  fused  mass,  yielding  a  black  or  brown  stain 
when  laid  on  a  silver  coin  and  moistened  [No.  71]. 

(b)  Manganese  and  Chromium,  which,  with  the  carbon- 
ate alone,  or  better  with  addition  of  nitre,  yield  coloured 
masses.  Manganese  compounds  yield  a  green  mass  of 
manganate,  whilst  the  chromium  compounds  give  a  yellow 
mass  of  chromate  [Nos.  62  and  17]. 

A  detailed  account  of  all  the  reactions  obtained  with 
sodium  carbonate  is  given  at  the  end  of  the  book  in  the 
table  on  the  behaviour  of  the  metallic  oxides. 

Reactions  with  Cobalt  Solution. 

•  60.  Substances  which,  after  heating  in  the  oxidizing 
flame  on  charcoal  appear  white,  or  almost  white  (see  par 
21),  are  moistened  with  a  solution  of  cobalt  nitrate  and 
agam  strongly  heated.  If  the  substance  is  porous  enough 
to  absorb  the  liquid  it  is  moistened  with  a  drop  of  the  solu- 
tion, and  brought  into  the  flame  in  the  platinum  forceps. 
In  other  cases  it  is  pulverized,  moistened  with  a  drop  of 
the  solution,  and  placed  in  a  cavity  in  the  charcoal  and 
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heated.  The  colour  is  only  seen  with  certainty  on  cool- 
ing and  in  the  daylight. 

Amongst  the  earths  alumina  and  magnesia  give  specially 
characteristic  reactions  ;  a  blue  colour  of  greater  or  lesser 
purity,  but  without  lustre,  indicates  alumina  [No.  21],  a 
flesh-red  colour  indicates  magnesia  [No.  55].  These  re- 
actions are  obscured  by  the  presence  of  coloured  metaUic 
oxides  which  as  a  rule  give  grey  or  black  masses.  It  is 
to  be  observed  that  some  siHcates,  borates,  and  phos- 
phates, yield  blue  colours  on  heating  with  cobalt  solution; 
the  salts  of  these  acids  with  the  alkalis  form  fusible 
masses,  whilst  the  salts  of  the  earths  are  infusible. 

Of  the  heavy  metals,  zinc  and  tin  compounds  yield 
characteristic  colourations.  The  assay  is  first  heated  in 
the  reducing  flame  on  charcoal,  the  incrustation  formed  is 
then  moistened  with  the  solution,  and  carefully  ignited  in 
the  oxidizing  flame.  Zinc  oxide  gives  a  beautiful  yellow- 
ish-green mass  ;  with  tin  oxide  the  product  has  a  bluish- 
green  colour  [Nos.  10  and  9]. 

Besides  the  above-mentioned  bodies  there  are  others 
which  when  ignited  with  cobalt  solution  exhibit  a  change 
in  colour ;  the  colouration  being,  however,  not  sufficiently 
characteristic  to  serve  for  their  detection.  These  are  in- 
cluded in  the  following  tabular  view: 

The  colour  produced  is 
Blue  :        Alumina  ;  beautiful  blue,  infusible. 

Silica  and  Silicates;  faint  bluish ;  with  large 
excess  of  cobalt  solution  black.  Thin  splint- 
ers fuse  in  the  hottest  flame  to  reddish-blue 
glass. 

Phosphates,  Silicates,  and  Borates  of  the  alkalis 
give  a  blue  glass. 
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Green :      Zinc  oxide ;  \     „     .  , 

>  yellowish-green. 
Titanmm  dioxide ;  J 

Tin  oxide ;  bluish-green. 
Antimony  oxide ;  dirty  green. 
Y\t^\-x^d.: Magnesia ;  pale  flesh-red. 

Tantalum  dioxide;  hot,  light  grey,  cold,  flesh- 
red. 

Violet :     Zirconia ;  dirty  violet. 

Magnesitnn  Phosphate  and  Arsenate  fuse  and 
become  violet-red. 
Brown:     ^ary/a: ;  /w/,  reddish-brown  ;  ^r^?/^,  colourless. 
Grey :       Beryllia  ;  light  bluish-grey. 

Niobiuin  pentoxide ;  brownish-grey. 

Lifne;  grey. 

Strontia;  dark-grey  to  black. 
Reactions  with  Sodium  Hyposulphite  (Thiosulphate). 

61.  All  the  metals  precipitated  by  sulphuretted  hy- 
drogen in  the  wet  way  yield  the  sulphide  reaction  in  the 
dry  way  when  the  substance  is  heated  with  powdered 
sodium  hyposulphite.  The  reagent  may  be  applied  to  a 
borax  bead,  in  which  the  substance  is  already  dissolved, 
the  pearl  being  then  heated  in  the  reducing  flame.  This 
method  has,  however,  the  disadvantages  that  easily 
volatile  substances,  such  as  arsenic  and  mercury  com- 
pounds, aff'ord  no  reaction,  and  that  the  colour  im- 
parted to  the  bead  by  the  sulphide  formed  may  easily 
be  mistaken.  Hence  it  is  better  to  heat  the  powdered 
substance  with  the  reagent  in  a  glass  tube  closed  at 
one  end.  After  the  decomposition  of  the  hyposulphite, 
which  is  easily  recognized  by  the  odour  of  sulphuretted 
hydrogen  produced,  the  colour  of  the  fused  mass,  due 
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to  the  sulphide  formed,  is  very  readily  seen.  In  many 
cases  the  reaction  is  accelerated  by  the  addition  of  a 
small  quantity  of  oxalic  acid. 

As  the  hyposulphite  contains  a  considerable  amount  of 
water  of  crystallization,  the  greater  portion  of  this  should 
be  previously  expelled,  or  the  glass  tube  should  be  held 
horizontally  to  prevent  cracking,  and  have  its  mouth 
stopped  with  a  little  cotton  wool  on  first  heating. 

The  sulphide  reactions  of  the  metals  are  given  in  the 
following  table,  together  with  the  borax  reactions.  The 
two  methods  supplement  each  other  exceedingly  well : 


Metallic  Oxide. 

Reaction 
with 

Reaction  with  Borax  on  Platitium 
Wire  (the  bead  cold). 

Oxidizing  Flame. 

Reducing  Flame. 

Antimony  oxide 
Arsenic  ,, 
Bismuth  ,, 
Cadmium  ,, 
Chromium     , , 
Cobalt         , , 
Copper  ,, 
Gold  ,, 
Iron  ,, 
Lead           , , 
Manganese  ,, 
Mercury  ,, 
Molybdenum,, 
Nickel  ,, 
Platinum  ,, 
Silver  ,, 
Thallium      , , 
Tin 

Uranium      , , 
Zinc 

red 

yellow 

black 

yellow 

green 

black 

j» 

>) 

)i 

light  green 
black 
brown 
black 

)> 

>> 

)> 

brown 

black 

white 

colourless 
colourless 

3) 

grass-green 
blue 

bluish-green 
reduced  witho 
yellow 
colourless 
reddish-violet 

colourless 
reddish-brown 
reduced  witho 
colourless 

yellow 
colourless 

grey  to  colourless. 

grey  to  colourless. 
)) 

emerald-green, 
blue, 
brown, 
ut  dissolving, 
bottle-green 
grey  to  colourless, 
colourless. 

brown. 

grey  to  colourless, 
ut  dissolving, 
grey  to  colourless, 
colourless. 

bottle-green, 
grey  to  colourless. 

Reactions  with  Acid  Potassium  Sulphate  or  Concentrated 
Sulphuric  Acid. 

62.  For  the  detection  of  volatile  acids  a  small  quantity 
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of  the  substance  is  heated  with  acid  potassium  sulphate 
or  with  concentrated  sulphuric  acid  (in  the  latter  case, 
however,  not  to  the  boiling  point  of  the  acid),  and  the 
following  appearances  are  looked  for  : 

(i)  A  coloured  gas  is  evolved. 

(a)  Nitrous  fumes,  known  by  their  reddish-brown  colour 
and  characteristic  odour;  evolved  from  nitrates  and 
nitrites.  With  nitrates  the  reaction  is  promoted  by  the 
addition  of  copper  filings. 

(b)  Chlorine  tdroxide ;  yellowish-green,  smelling  like 
chlorine,  bleaching  litmus  paper,  and  explosive.  The 
tetroxide  is  produced  from  chlorates  by  this  treatment.' 

(c)  Iodine,  from  iodides,  is  known  by  its  violet 
vapours,  which  colour  paper  smeared  with  starch-paste 
blue.  lodatesi  give  this  reaction  after  the  addition  of 
ferrous  sulphate. 

(d)  Bromine;  reddish-brown  vapour,  with  pungent, 
unpleasant  odour,  and  turning  starch-paste  yeHow; 
yielded  by  bromides  and  bromates.  The  colour  of  the 
vapour  is  best  seen  on  looking  down  the  tube. 

(2)  A  colourless  odorous  gas  is  evolved. 

63.  (a)  Sulphur  dioxide,  from   sulphites  and  poly- 
thionates,  is  easily  known  by  its  odour. 

(b)  Hydrochloric  acid,  from  chlorides,  known  by  its 
odour  and  by  the  cloud  of  ammonium  chloride  which  is 
formed  when  a  glass  rod  moistened  with  ammonia  solution 
IS  held  near  to  the  tube. 

(c)  Hydrofluoric  acid,  from  fluorides,  has  a  very  pung- 
ent odour  and  strongly  corrodes  glass. 
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(d)  Sulphuretted  hydrogen,  from  sulphides,  blackens 
paper  moistened  with  lead  acetate. 

(e)  Cyanic  acid,  from  cyanates,  has  a  characteristic  pun- 
gent odour ;  it  brings  tears  into  the  eyes,  and  renders 
lime-water  turbid. 

(f)  Acetic  Acid,  from  acetates,  is  known  by  its  pungent 
odour,  and  also  by  yielding  fragrant  acetic  ether  on  heat- 
ing with  sulphuric  acid  and  alcohol. 

(3)  A  colourless  odourless  gas  is  evolved. 

64.  (a)  Carbon  dioxide  is  expelled  from  its  salts  with 
effervescence ;  it  renders  lime-water  turbid. 

(b)  Carbon  monoxide,  which  burns  with  a  bluish  flame, 
may  arise  from  oxalates,  formates,  cyanides,  ferrocyanides, 
ferricyanides. 

(c)  Chromic  acid  evolves  oxygen,  and  the  liquid  turns 
brown  or  green. 

(d)  Organic  acids,  recognized  by  the  blackening  due  to 
the  separation  of  carbon. 

The  acids  which  cannot  be  detected  by  the  above 
methods,  though  easily  detected  in  other  ways,  are : 
sulphuric,  phosphoric,  arsenic,  boric,  silicic,  tungstic, 
molybdic,  and  titanic  acid.  With  respect  to  the  three 
last  named  see  par.  65. 

Reactions  with  Zinc  and  Hydrochloric  Acid  after  previous 
Decomposition. 

65.  A  mixture  of  sodium  carbonate  and  nitre  is  added 
to  the  finely  powdered  assay,  the  mass  is  moistened 
slightly,  and  placed  in  a  little  spiral  from  about  2  to  3  mm. 
in  diameter  formed  at  the  end  of  a  very  fine  platinum 
wire.  After  fusing  for  a  short  time,  the  glowing  mass  is 
thrown  off  into  a  porcelain  dish,  and  digested  with  a  little 
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water  in  a  test  tube.  Afterwards  a  few  drops  of  hydro- 
chloric or  sulphuric  acid  are  added,  and  a  strip  of  zinc 
is  brought  into  the  solution.  By  the  reducing  action  of 
the  nascent  hydrogen  formed,  various  colours  are  pro- 
duced as  exhibited  in  the  following  list  : 

Molybdenum  trioxide;  blue,  then  green,  finally  blackish- 
brown. 

Tungsten  trioxide;  blue,  then  copper-red. 
Vanadium  pentoxide  ;  blue,  then  green,  finally  violet. 
Niobium pentoxide ;  blue;  often  also  brown  (with  strongly 

acid  solution). 
Chromium  trioxide  ;  green. 
Titanium  dioxide  ;  violet. 
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66.  Bunsen^  has  shown  that  almost  all  reactions 
■which  can  be  performed  by  means  of  the  blowpipe  can 
be  accomplished  with  far  greater  ease  and  precision  in  the 
non-luminous  flame  of  the  gas-burner 
invented  by  himself.  This  burner, 
the  upper  part  of  which  is  shown 
in  Fig.  14,  is  furnished  widi  a  hoop 
near  the  bottom  for  closing  and 
opening  the  air-holes  there  situated. 
The  conical  chimney,  dddd,  is  made 
of  such  a  size  that  the  flame  may 
burn  quite  steadily.  This  flame, 
also  shown  in  the  figure,  consists 
of  the  dark  cone,  aaad,  the  flame 
mantle,  aeab,  and  the  luminous 
point  aba,  not  seen  when  the  air- 
holes are  fully  open,  but  obtained 
on  closing  these  holes  up  to  a 
certain  point.  The  followng  six 
points  in  the  flame  are  used  in 
the  reactions  : 

(1)  The  base  of  the  flame  at  a,  where  the  lowest  temper- 
ature exists,  is  specially  employed  to  heat  mixtures  so  as  to 
obtain  the  flame-colouration  due  to  the  most  volatile  only. 

(2)  The  zone  of  fusion  at    constitutes  the  hottest  part 

^Ann.  CJicm.  Pharm.,  cxxxviii.  257.    Phil.  Mag.,  [4]  xxxii.  81. 


Fig.  14. 
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of  the  flame,  and  hence  it  is  used  in  testing  the  fusibility 
and  volatility,  &c.  of  substances. 

(3)  The  loiver  oxidizing  flame  at  y,  in  the  outer  margin 
of  the  zone  of  fusion,  is  especially  suitable  for  the 
oxidation  of  substances  dissolved  in  beads  of  fused  salts. 

(4)  The  upper  oxidizing  flame  at  e  is  available  for  the 
roasting  and  oxidation  of  all  substances  which  do  not 
require  an  excessively  high  temperature.  This  acts  most 
powerfully  when  the  air-holes  are  quite  open. 

{5)  The  lotiier  reducing  flame  at  S,  on  the  inner  edge  of  the 
mantle,  next  to  the  dark  central  cone.  The  reducing  action 
of  this  part  is  not  of  the  strongest;  but  it  is  specially  avail- 
able for  reductions  on  charcoal,  and  in  beads  of  fused  salts. 

(6)  The  upper  reducing  flame  at  17  is  formed  above  the 
dark  cone  when  the  admission  of  air  is  lessened  by  the 
gradual  closing  of  the  air-holes.  If  the  luminous  point  is 
made  too  large  soot  is  deposited  on  the  objects  placed 
within  it ;  this  ought  never  to  occur.  This  part  is  especi- 
ally available  for  reducing  metals  when  it  is  desired  to 
collect  them  in  the  form  of  films. 

67.  The  following  materials  are  used  as  flame  supports  : 

(1)  Platinum  wire ;  this  must  scarcely  exceed  the 
thickness  of  a  horse-hair,  and  one  decimeter  in  length 
of  the  wire  should  not  weigh  more  than  0-034  grm.  It 
serves  for  investigations  on  fusibility,  volatility,  and  flame- 
colouration,  and  also  for  examinations  with  borax,  micro- 
cosmic  salt  and  sodium  carbonate. 

(2)  Asbestos  fibre  is  used  in  place  of  platinum  wire 
when  the  latter  would  be  attacked  by  the  substance  under 
examination;  the  threads  must  not  be  more  than  one 
quarter  the  thickness  of  a  lucifer  match.  In  taking  up 
the  substance  the  asbestos  is  slightly  moistened. 

(3)  Charcoal  spii?jter,  which  serves  as  a  substitute  for 
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charcoal,  is  prepared  by  breaking  off  the  head  of  a  lucifer 
match  and  smearing  over  the  rest  of  the  match  with  a 
crystal  of  sodium  carbonate  partially  fused  by  holding  it 
near  to  the  flame  ;  the  match  is  then  held  in  the  flame 
and  slowly  rotated.  A  charcoal  splinter  is  thus  obtained 
which  is  partially  protected  from  burning  by  its  coating 
of  fused  sodium  carbonate. 

(4)  Glass  tubes,  about  3  mm.  wide,  and  30  mm.  long, 
and  closed  at  one  end. 

When  substances  have  to  be  held  a  long  time  in  the  re- 
ducing flame,  it  is  convenient  to  use  a  Bunsen's  stand,  which 
is  provided  with  horizontal  clips  and  arms,  moveable,  hori- 
zontally and  vertically,  on  the  vertical  support.  The  arms 
carry  small  glass  tubes  supporting  platinum  wire  or  as- 
bestos fibre,  and  the  clips  are  used  for  holding  test-tubes. 

68.  In  addition  to  the  reagents  described  in  par.  5,  the 
following  are  employed  in  the  Bunsen  flame  reactions  : 

Stamious  chloride  solution,  which  should  be  kept  in  a 
well-stoppered  bottle,  in  contact  with  a  little  metallic  tin, 
to  prevent  the  formation  of  stannic  chloride  which  is 
useless  for  the  purpose  required.  Stannous  chloride  is  a 
strong  reducing  agent  and  serves  for  distinguishing  films 
and  to  detect  gold,  molybdenum,  tungsten,  &c. 

Caustic  soda  solution  also  serves  for  distinguishing  films, 
and  is  further  employed  in  testing  for  cobalt,  nickel,  tin,  &c. 

Silver  nitrate,  in  perfectly  neutral  solution,  serves  for 
distinguishing  films  and  in  the  detection  of  chromium  and 
vanadium. 

Fuming hydriodic acid,  which,  together  with  phosphorous 
acid,  is  formed  by  the  action  of  moist  air  on  phosphorus  tri- 
iodide.  For  the  preparation  of  the  phosphorous  iodide 
eight  parts  of  iodine  are  added  to  one  part  of  phosphorus  in 
a  test  tube  filled  with  carbon  dioxide,  and  after  the  ignition 
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has  ceased  the  mass  is  heated  to  fusion.  The  tube  is 
then  carefully  closed,  and  when  the  mass  has  solidified, 
it  is  placed  in  a  shallow,  wide-necked,  well-stoppered  glass 
bottle.  To  use  the  reagent  a  film  produced  on  the  out- 
side of  a  porcelain  dish  is  held  over  the  open  mouth  of 
the  bottle,  when,  by  the  action  of  tlie  gaseous  liydriodic 
acid,  iodine  compounds  are  formed.  If  the  reagent  ceases 
to  fume,  some  dry  phosphoric  acid  is  added. 

The  iodine  compounds  can  also  be  produced  by  burn- 
ing iodine  tincture  (solution  of  iodine  in  alcohol)  on  as- 
bestos and  holding  the  film  over  the  flame.  By  this  treat- 
ment the  film  sometimes  receives  a  brown  colouration, 
which,  however,  can  be  easily  removed  by  warming  gently. 

Ammonia  and  Ammonium  sidphide  are  employed  in 
various  tests,  especially  in  the  examination  of  films. 

Bromine,  preserved  in  a  wide-necked,  well-stoppered 
bottle,  is  applied  by  holding  substances  in  the  vapour 
evolved  from  it.  Bromine  vapour  in  the  presence  of 
water  acts  as  an  oxidizing  agent. 

Potassium  ferrocyanide  solution  serves  for  the  detection 
of  iron,  copper,  and  molybdenum. 

Lead  acetate  (sugar  of  lead)  is  used  for  the  detection 
of  chromium. 

Bismuth  nitrate  serves  for  the  detection  of  tin. 

Acetic  acid  is  used  in  testing  for  chromium,  vanadium, 
manganese,  and  uranium. 

Mercuric  cyanide  serves  for  the  detection  of  palladium 
and  is  used  but  rarely.  ' 

Aqua-regia,  a  mixture  of  hydrochloric  and  nitric  acids 
IS  employed  in  testing  for  gold,  platinum,  &c. 

Only  very  small  quantities  of  the  substance  to  be  ex- 
amined are  employed.  Decrepitating  substances  are 
ground  to  the  finest  powder  and  taken  up  on  a  small  piece 
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of  moistened  filter  paper  about  a  square  centimeter  in  size. 
When  this  paper  is  carefiiUy  burnt  between  two  rings  of 
fine  platinum  wire,  the  assay  remains  behind  as  a  compact 
crust  which  can  then  be  treated  in  the  flame  without  any 
difficulty. 

METHOD  OF  EXAMINATION. 
A.  Behaviour  on  Heating. 

69.  On  heating  the  substance  the  following  appearances 
may  be  looked  for  : 

(1)  Whether  the  substance  becomes  luminous  when 
brought  into  the  hottest  part  of  the  flame. 

(2)  Whether  the  substance  fuses,  and  whether  at  a 
higher  or  a  lower  temperature.  It  should  be  here  noted 
whether  the  assay  intumesces,  changes  colour,  or  de- 
creases in  volume,  or  becomes  transparent  after  cooling. 

(3)  Whether  the  substance  volatilizes,  and  emits  an 
odour. 

(4)  Whether  the  substance  colours  the  flame.  Flame- 
colouring  substances  when  brought  into  the  upper  reduc- 
ing flame  produce  a  colouration  in  the  upper  oxidizing 
flame.  Mixtures  of  flame-colouring  substances  are  first 
held  in  the  lowest  and  coldest  part  of  the  flame  so  that  the 
more  easily  volatile  constituents  are  first  vaporized. 

B.  Oxidation  and  Reduction. 

70.  (i)  Beads.  Oxidation  and  reduction  in  beads  are 
eff"ected  by  holding  the  bead,  supported  on  platinum  wire, 
in  the  lower  oxidizing  or  lower  reducing  flame  respectively. 

(2)  Reduction  in  small  glass  tubes.  The  perfects- 
dry  substance  is  heated  with  sodium  carbonate  and  carbon 
(soot  from  oil  of  turpentine)  or  with  metallic  sodium 
or  magnesium  in  a  thin  tube  closed  at  one  end,  about  3 
mm.  wide  and  3  cm.  long.    The  sodium  is  wiped  free  from 
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petroleum  with  filter  paper,  rolled  betweeen  the  fingers  to 
a  small  cylinder,  and  then  placed  in  the  midst  of  the 
substance  within  the  tube.  Magnesium  is  employed  in 
the  form  of  small  pieces  of  wire.  The  small  tube  is  then 
heated  up  to  the  fusing  point  of  the  glass,  when  the  mass 
usually  becomes  incandescent.  After  cooling,  the  tube 
IS  crushed  in  order  to  apply  further  tests  to  the  contents. 

(3)  Reduction  on  charcoal  splinter.     The  sub- 
stance in  powder  is  made  into  a  paste  with  a  drop  obtained 
by  fusmg  a  crystal  of  sodium  carbonate,  and  the  pasty  mass,  , 
which  must  be  about  the  size  of  a  mustard  seed,  is  first  fused 
m  the  lower  oxidizing  flame,  and  afterwards  it  is  brought 
mto  the  hottest  part  of  the  lower  reducing  flame  lying  just 
opposite.   After  reduction  has  taken  place,  known  by  the 
violent  effervescence  of  the  mass,  the  assay  is  allowed  to 
cool  by  lowering  it  into  the  dark  kernel  of  the  flame.  The 
end  of  the  splinter  is  then  cut  off,  ground  down  with  a 
few  drops  of  water  in  an  agate  mortar,  and  the  product  is 
examined  m  the  usual  way  after  washing  off  the  charcoal. 
C.  Films  on  Porcelain. 
71.  Those  volatile  elements  which  are  reduced  by 
hydrogen  or  .  carbon  can  be  deposited  from  their  com- 
pounds as  films  on  porcelain  either  in  the  elementary  state 

iod^         ;  Jr""  ''''      ^^^''y  ^-^--ted  into 

hat;  compounds,  exhibiting 

cent  e  of  a  thick  mcrustation,  which  gradually  thins  out 
on  all  sides  until  the  merest  tinge  exists;  it  's  therefo  e 

p:roT[;^'"'"^"'^'^  '-'^'^^  "  tht  ^ 

parts  of  the  deposit.    These  reactions  are  so  delicate  that 

m  many  cases  o.  to  .  mgr.  is  sufficient  toprodu    th  n 
The  following  films  are  produced  : 

(a)  Me^af,,  ^,,^s.    These  are  obtained  by  holding 
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with  one  hand  a  particle  of  the  substance  on  an  asbestos 
fibre  in  the  upper  reducing  flame,  which  must  not  be  too 
large,  whilst  the  other  hand  supports  a  thin  porcelain  dish 
from  ID  to  12  cm.  in  diameter,  filled  with  water,  close 
over  the  assay  in  the  upper  reducing  flame.  The  metal 
separates  out  as  a  black  film  which  may  be  either  dull 
or  lustrous  as  the  case  may  be.  On  adding  a  little  dilute 
nitric  acid,  containing  about  20  per  cent,  of  acid,  to  these 
films  the  following  reactions  occur  : 

/  Lead. 

j  Cadmium. 

Film  dissolves  immediately  <  2inc. 

( Indium. 
(  Bismuth. 

Film  dissolves  slowly  .  '  \  Mercury. 

(  Thallium. 

/Tellurium. 
J  Selenium. 

Film  is  insoluble  Antimony. 

(  Arsenic. 

(b)  Oxide  films.  The  porcelain  dish  is  now  held  in 
the  upper  oxidizing  flame,  the  operation  in  other  respects 
being  conducted  as  in  the  production  of  the  metallic  film. 
The  oxide  film  is  tested :  {a)  with  stannous  chloride 
alone  •  ip)  with  stannous  chloride  and  subsequent  ad- 
dition of  caustic  soda ;  (c)  with  neutral  silver^  nitrate 
solution  followed  by  a  current  of  ammomacal  air. 

(c)  Iodide  films.  These  are  obtained  by  breathing 
upon  oxide  films  and  then  holding  them  over  a  vessel 
evolving  fumes  of  hydriodic  acid.  The  iodide  film  is 
further  tested  {a)  by  breathing  moist  air  on  to  it,  and  {b) 
by  blowing  ammonia  fumes  upon  it. 

iThe  ammonia  fumes  are  best  applied  by  using  a  ^mall  wash-boUle 
conyiing  ammonia  solution,  in  which  the  blowing-tube  d,ps  under  the 
liquid  whflst  the  jet  tube  begins  just  beneath  the  cork. 
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(d)  Sulphide  films  are  obtained  from  the  iodide  films 
by  directing  upon  them  a  stream  of  air  charged  with 
ammonium  sulphide,  and  removing  the  excess  of  ammon- 
ium sulphide  by  gently  warming  the  porcelain  vessel. 
The  film  is  tested  as  to  its  solubility  {a)  in  water  by  breath- 
ing upon  it  or  adding  a  drop  of  water  ;  {b)  in  ammonium 
sulphide,  also  by  blowing  or  dropping. 

REACTIONS  OF  THE  ELEMENTS. 

72.  The  substances  which  can  be  recognized  by  their 
flame  reactions  are  arranged  in  the  following  groups  ac- 
cording to  their  behaviour  under  oxidation  and  reduction : 

(A)  Reducible  to  metal  and  deposited  as  film 
on  porcelain : 

1.  Film  scarcely  soluble  in  cold  dilute  nitric  acid 
(containing  about  20  per  cent,  of  acid)  :  Tellurium, 
selenium,  antimony,  arsenic. 

2.  Film  soluble  with  difficulty  only  in  cold  dilute  nitric 
acid  :  Bismuth,  mercury,  thallium. 

3-  Film  immediately  dissolved  by  cold  dilute  nitric 
acid  :  Lead,  cadmium,  zinc,  indium. 

(B)  Reducible  to  the  metallic  state  but  givinff 
no  film  :  ^ 

I.  Not  fusible  to  a  bead  after  reduction  :  {a)  magnetic 
metals  :  Iron,  nickel,  cobalt;  (b)  non-magnetic:  Palladium, 
platinum,  rhodium,  iridiwn. 

2  Fusible  to  a  bead  after  reduction  :  Copper,  tin,  silver 
gold.  ' 

(C)  Elements  most  easily  detected  by  the 
reactions  of  their  compounds  : 

Molybdenum,  tungsten,  titanium,  tantalum,  niobium 
chromium,  vanadium,  manganese,  uranium,  silicon,  sulphur 
phosphorus.  ,     '  ' 
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73.  (A)  ELEMENTS  WHOSE  COMPOUNDS  ARE  REDUCED 

The  reactions  of  these  bodies  are 


Element  Film. 

Oxide  Film. 

OiideFilm 
witli  SnClj. 

Te. 

Black,  thin 
film  brown. 

White. 

Black. 

Se. 

Cherry-red, 
thin  film 
brick-red. 

White. 

Brick 
red. 

3b. 

Black,  thin 
film  brown. 

White. 

White. 

As. 

Black,  thin 
film  brown. 

White. 

White. 

Bi. 

Black,  thin 
film  brown- 
ish black. 

Yellowish 
white. 

White. 

Hg. 

Grey  non- 
coherent 
thin  film. 

Tl. 

Black,  thin 
film  brown. 

White. 

White. 

Pb. 

Black,  thin 
film  brown. 

Light 
ochre- 
yellow. 

White. 

Cd. 

Black,  thin 
film  brown. 

Black  to 
brown,  thin 
film  white. 

White. 

Zn. 

Black,  thin 
film  brown. 

White. 

White. 

In. 

Black,  thin 
film  brown. 

Yellowish 
white. 

White. 

Oxide  Film 
with  SnClo 
and  KaHOr 


Black. 


Black. 


White. 


White. 


Black. 


White. 


White. 


White. 


Oxide  Film  with 
AgNOj  and  KH4HO. 


White  to  yel- 
lowish. 


White. 


Black,  insoluble 
in  NH4HO. 


Lemon  -  yellow 
or  brownish  red; 
sol.  in  NH4HO. 


White. 


White. 


White. 


White ;  turns 
bluish  -  black  in 
the  thin  parts. 


Iodide  Film. 


Brown;  disappears  ■ 
for    a    time  on 
breathing. 


Brown ;  does  not 
wholly  disappear 
on  breathing. 


Orange-red  to  yel- 
low; disappears  on 
breathing. 


Orange  -  yellow; 
disappears  for  a 
time  on  breathing.  . 


Bluish  brown,  thin 
parts  pink;  disap-^|y. 
pears  for  a  time  on 
breathing. 


Carmine-coloured  (  ..^ 
and  lemon-yellow; 
does  not  disappeari^ 
on  breathing. 


Lemon  -  yellow  ; 
does  not  disappeari 
on  breathing. 


Orange -yellow  to 
lemon  colour;  doesf 
not  disappear  onr 
breathing. 


White. 


White.  White. 


White. 


White. 


White. 


Yellowish-white.  v 


69 

!T0  METAL,  FORMING  A  FILM  ON  PORCELAIN. 

collected  in  the  following  table. 


Iodide  Film 
with  NHv. 


Sulphide  Film. 


Disappears  al- 
ligether. 


Does  not  dis- 
jpear. 


Oisappears  al- 
jether. 


Wsappears  al- 
ifether. 


Black  to  black- 
ish brovvn. 


Sulphide  Film 
with  (NHJ^S. 


Yellow  to  orange. 


Disappears  for 
a  time. 


Orange;  disap- 
pears for  a  time. 


Orange. 


:ink  to  orange 
low ;  becomes 
■;stnut  -  brown 
air  current. 


isappears  for 
ime. 


Lemon-yellow. 


Disappears  for 
a  time. 


Disappears  for 
a  time. 


Burnt  -  imiber, 
thin  parts  coifee 
brown. 


Black. 


Flame  Colouration. 


Upper   reducing  ^ 
flame  pale  blue ;  up- 
per oxidizing  flame 
green.  No  odour. 


Cornflower  blue. 
Odour  of  rotten 
horse-radish. 


Upper  reducing 
flame  pale  green 
ish.    No  odour. 


Upper  reducing 
flame  pale  blue. 
Odour  of  garlic. 


Does  not  dis- 
appear. 


Bluish;  not  char- 
acteristic. 


Does  not  dis- 
appear. 


oes  not  dis-    Black,  thin  film 
bluish-grey. 


sappears  for 
ine. 


hue. 


mtf. 


lowish  white. 


Brown  -  red  to 
black. 


Lemon-yellow. 


Does  not  dis- 
appear. 


Light  grass-green. 


Element  film 
scarcely 
"  soluble  in 
dilute  nitric 
acid. 


J 


White. 


White. 


Does  not  dis- 
appear. 


Does  not  dis- 
appear. 


Element  film 
soluble  with 
difficulty  in 
dilute  mtric 
acid. 


Light-blue. 


Does  not  dis- 
appear. 


Does  not  dis- 
appear. 


Intense  indigo- 
blue. 


Element  film 

readily 
.  soluble  in 
dilute  nitric 
acid. 
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(B)  ELEMENTS  WHOSE  COMPOUNDS  ARE  RE- 
DUCED TO  THE  METALLIC  STATE,  BUT  GIVE 
NO  FILM. 

I.  METALS  NOT  FUSED  TO  A  BEAD  AFTER 
REDUCTION. 

a.  Magnetic  Metals. 

74.  Iron  compounds.  Reduction  on  charcoal  splinter. 
No  metallic  bead  or  glistening  spangles;  after  grinding  the 
reduced  mass  in  an  agate  mortar,  the  particles  of  iron  may 
be  collected  as  a  non-lustrous  brush  on  the  end  of  a 
magnet.  The  particles  on  paper  give  yellow  stains  when 
moistened  with  a  drop  of  aqua-regia,  and  warmed  over 
the  flame ;  the  yellow  stains  become  deep  blue  on  moisten- 
ing with  potassium  ferrocyanide.  The  paper  should  be 
previously  tested  for  iron. 

Borax  bead.  Oxidizing  flame ;  hot,  yellow  to  brownish- 
red;  cold,  yellow  to  brownish-yellow.  Reducing  flame, 
botde-green. 

75,  Nickel  compounds.  Reduction  on  charcoal 
spBUer.  White,  glistening,  ductile,  metallic  spangles  which 
form  a  brush  on  the  magnet.  The  metal  moistened  on 
paper  with  nitric  acid  gives  a  green  solution,  which  on 
treatment  with  soda,  exposure  to  bromine  vapour,  and 
subsequent  addition  of  caustic  soda,  gives  a  black  stam  oi 

nickel  peroxide.  _ 

Borax  bead  Oxidizing  flame,  dirty  violet ;  upper  re- 
ducing flame,  grey  from  the  separation  of  metallic  mckel 
which  often  unites  to  form  a  silver-white  nickel  sponge, 
whilst  the  bead  becomes  colourless. 
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76.  Cobalt  compounds.  Redtcctmi  on  charcoal 
splinter.  White,  glistening,  ductile,  metallic  spangles, 
which  form  a  brush  on  the  magnet.  The  metal  when 
moistened  on  paper  with  nitric  acid  gives  a  red  solution, 
which,  on  addition  of  a  little  hydrochloric  acid,  and  dry- 
ing, gives  a  green  stain;  on  moistening,  the  green  stain 
again  disappears.  On  treatment  with  caustic  soda 
solution  and  bromine  vapour,  a  brownish-black  spot  of 
peroxide  is  obtained  as  in  the  case  of  nickel. 

Borax  bead.    In  both  flames  deep  blue. 

b.  Non-Magnetic  Metals. 

77.  Palladium  Compounds.  On  platinum  wire 
with  sodium  carbonate.  In  the  upper  oxidizing  flame 
palladium  compounds  are  reduced  to  a  grey  mass  like 
platinum  sponge  which  yields  silver-white,  glistening, 
ductile  metalHc  spangles,  on  grinding  in  an  agate  mortar. 
After  washing  and  drying,  the  scales  dissolve  in  nitric 
acid  with  a  reddish-brown  colour.  On  adding  a  drop 
of  mercuric  cyanide,  and  blowing  ammoniacal  air  upon 
the  solution,  a  white  flocculent  precipitate  is  obtained 
which  dissolves  on  adding  a  litde  ammonia  solution. 

78.  Platinum  compounds.  On  platimim  wire 
with  sodium  carbonate.  In  the  upper  oxidizing  flame 
platinum  compounds  are  reduced  to  a  grey  spongy  mass 
which  yields  silver-white,  glistening,  ductile,  metallic 
spangles,  on  grinding  in  an  agate  mortar.  These  are 
not  soluble  in  nitric  or  hydrochloric  acid,  but  dissolve 
readily  in  aqua-regia.  If  the  platinum  is  pure,  the 
solution  has  a  light-yellow  colour;  if  palladium,  rhodium, 
or  iridium  is  present,  the  solution  is  brownish-yellow.  The 
solution  gives  no  white  flocculent  precipitate  with  mercuric 
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cyanide  and  ammoniacal  air,  but  a  light-yellow  crystalline 
precipitate  of  ammonium  platinum  chloride  falls  down. 

79.  Iridium  compounds.  On  platinum  wire  with 
sodium  carbonate.  In  the  upper  oxidizing  flame  iridium 
compounds  are  reduced  to  a  metallic  powder,  which 
is  neither  lustrous  nor  ductile  when  rubbed  in  the  agate 
mortar.  The  powder  is  perfectly  insoluble,  not  only  in 
nitric  and  hydrochloric  acids,  but  also  in  aqua-regia. 

80.  Rhodium  compounds.  These  can  only  be 
distinguished  from  iridium  compounds  by  fusing  the 
reduced  metallic  powder  with  acid  potassium  sulphate, 
when  the  metal  is  partially  oxidized,  and  a  rose-red 
solution  is  obtained. 

81.  Osmium  compounds.  In  the  oxidizing  flame 
these  give  volatile  osmium  tetroxide,  possessing  a  chlorine- 
like odour,  and  attacking  the  eyes  powerfully. 

2.  METALS  FUSED  TO  A  BEAD  AFTER 
REDUCTION. 

82.  Gold  compounds.  Reduction  071  charcoal  splinter 
with  sodiu7n  carbonate.  A  shining  yellow  ductile  metallic 
bead  is  obtained,  giving  gold-like  spangles  in  the  mortar. 
These  are  insoluble  in  hydrochloric  or  nitric  acid,  but 
dissolve  in  aqua-regia  to  a  light-yellow  solution,  which, 
when  taken  up  on  filter  paper  and  moistened  with  stannous 
chloride,  yields  "  purple  of  Cassius." 

83.  Silver  compounds.  Reduction  on  charcoal 
splinter  with  sodium  carbonate.  A  white  ductile  bead  is 
obtained  which  dissolves  in  nitric  acid  on  warming  gently. 
The  solution  gives  with  hydrochloric  acid  a  curdy  white 
precipitate,  insoluble  in  nitric  acid,  but  soluble  in  ammonia. 

84.  Copper  compounds.     Reduction  on  charcoal 
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spUnierwith  sodium  carbonate.  A  copper-red  ductile  bead 
is  obtained  which  dissolves  to  a  blue  solution  in  nitric 
acid.  If  to  a  little  of  the  solution,  taken  up  on  filter 
paper,  a  drop  of  potassium  ferrocyanide  be  added,  a  brown 
stain  is  obtained. 

On  platinuni  tvire  with  borax.  A  blue  bead  is  obtained 
which  becomes  reddish-brown  in  the  lower  reducing  flame 
on  the  addition  of  a  little  tin  oxide,  from  the  formation  of 
cuprous  oxide.  By  alternate  oxidation  and  reduction,  a 
transparent  ruby -red  bead  is  formed;  this  is  best  obtained 
when  the  reduced  bead  is  allowed  to  oxidize  slowly. 

85.  Tin  compounds.  On  charcoal  splinter.  Write 
lustrous  ductile  bead,  soluble  in  hydrochloric  acid,  and 
converted  by  nitric  acid  into  insoluble  stannic  oxide. 
The  solution  gives  a  black  precipitate  with  bismuth  nitrate 
and  excess  of  caustic  soda. 

(C)  ELEMENTS  MOST  EASILY  DETECTED  BY 
THE  REACTIONS  OF  THEIR  COMPOUNDS. 

a.  Metallic  Substances. 

86.  Molybdenum  compounds.  On  charcoal 
splinter.    Reduced  with  difficulty  to  a  gi-ey  powder. 

Borax  bead  (litde  characteristic).  In  the  oxidizing 
flame  the  bead  is  at  first  colourless ;  as  the  point  of 
saturation  is  approached  a  bluish  enamel  is  obtained.  In 
the  reducing  flame  the  bead  becomes  dark  from  the 
separation  of  molybdenum  oxide. 

Special  Reactions.  The  finely-powdered  substance  is 
mixed  to  a  paste  with  sodium  carbonate  obtained  from 
a  fused  crystal  of  the  substance;  the  mixture  is  fused,  on 
a  platinum  spiral  of  about  2  to  3  mm.  in  diameter,  in  the 


74  BLOWPIPE  ANALYSIS.  [87 

lamp  flame,  and  the  white-hot  fused  mass  is  struck  off,  and 
dissolved  in  a  few  drops  of  warm  water.  The  supernatant 
clear  liquid  is  taken  up  on  a  strip  of  filter  paper,  with 
which  the  following  reactions  are  obtained  :  hydrochloric 
acid,  and  then  potassium  ferrocyanide,  give  a  reddish- 
brown  stain;  stannous  chloride,  added  gradually,  produces 
either  directly  or  on  warming  a  blue  colour ;  ammonium 
sulphide  gives  a  brown  colour,  and  after  addition  of  hydro- 
chloric acid,  a  brown  precipitate  is  produced,  whilst  the 
paper  around  the  precipitate  is  often  coloured  blue. 

87.  Tungsten  compounds.  These  compounds 
are  fused  on  a  platinum  spiral  in  the  same  way  as  the 
molybdenum  compounds,  and  the  aqueous  solution  is 
taken  up  on  filter  paper.  Hydrochloric  acid  and  potas- 
sium ferrocyanide  produce  no  colouration.  Ammonium 
sulphide  alone  or  with  the  addition  of  hydrochloric  acid 
gives  no  precipitate.  The  paper,  however,  becomes  blue  or 
greenish-coloured  in  the  latter  case,  especially  on  warming. 

88.  Titanium  compounds.  Microcosmic  bead. 
Oxidizing  flame,  colourless;  reducing  flame,  faint  amethyst 
colour.  On  addition  of  a  litde  ferrous  sulphate,  the  bead 
in  the  lower  reducing  flame  assumes  the  peculiar  red 
colour  of  venous  blood. 

With  sodium  carbonate  on  platinum  wire.  Titanium 
compounds  dissolve,  and  form  beads  colourless  and  trans- 
parent whilst  hot,  and  opaque  when  cold.  The  hot  bead 
moistened  with  stannous  chloride,  and  treated  in  the  lower 
reducing  flame,  becomes  grey-coloured,  and  dissolves  m 
hydrochloric  acid  on  warming  with  a  faint  amethyst  co  our. 

Tantalum  and  niobium  compounds.  These 
behave  like  the  titanium  compounds.  _ 

89.  Chromium  compounds.     On  the  platmum 
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spiral  with  sodium  carbonate.  Fused  with  repeated 
additions  of  potassium  nitrate,  chromium  compounds 
give  a  light-yellow  mass,  which  gives  a  light-yellow 
solution  with  water.  This  solution  separated  from  the 
residue,  acidified  with  acetic  acid,  and  taken  up  on  filter 
paper,  gives  a  yellow  precipitate  with  lead  acetate,  and  a 
reddish-brown  one  with  silver  nitrate  solution.  On 
addition  of  ammonium  sulphide  or  stannous  chloride,  or 
by  evaporation  with  aqua-regia,  the  colour  of  the  solution 
changes  from  yellow  to  green. 

Borax  bead.  In  both  flames  the  bead  is  emerald  green. 

90.  Vanadium  compounds.  Plaiiniim  spiral 
with  sodium  carbonate  and  nitre.  A  yellowish  fused  mass 
is  obtained.  When  dissolved  and  acidified  with  acetic 
acid  silver  nitrate  gives  a  yellow  precipitate.  The  solu- 
tion evaporated  with  aqua-regia  does  not  give  a  green 
liquid,  but  a  yellow  or  yellowish-brown  one,  which  by  the 
addition  of  stannous  chloride  becomes  blue. 

Borax  bead.  Oxidizing  flame,  greenish  yellow;  reducing 
flame,  green. 

gi.  Manganese  compounds.  Borax  bead.  Oxi- 
dizing flame,  amethyst  colour ;  reducing  flame,  colourless. 

Platinum  spiral^  with  sodium  carbonate  and  nitre.  A 
green  mass  is  obtained,  giving  a  green  solution  with  water, 
which,  on  acidifying  with  acetic  acid,  becomes  red,  and 
then  often  turns  colourless,  with  separation  of  brown  flakes. 

92.  Uranium  compounds.  Borax  bead.  Oxidizing 
flame,  yellow ;  reducing  flame,  green.  The  uranium  and 
iron  colourations  are  very  similar,  but  the  hot  uranium 
bead  is  distinguished  by  emitting  a  bluish-green  light. 

Microcosmic  bead.  Reducing  flame,  beautiful  green; 
whilst  iron  gives  a  bead  reddish  to  colourless  in  the  cold. 
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Platinum  spiral  with  acid  potassium  sulphate.  The 
insoluble  uranium  compounds  are  thus  decomposed.  The 
fused  mass  is  powdered  with  a  Httle  sodium  carbonate, 
moistened,  and  absorbed  by  filter  paper ;  after  moistening 
with  acetic  acid,  a  brown  spot  is  produced  by  potassium 
ferrocyanide. 

b.  Non-Metallic  Substances. 

93.  Silicon  compounds.  Microcosmic  bead.  Small 
splinters  of  silicates  yield  an  infusible  skeleton  of  silica, 
which  floats  about  in  the  bead. 

Sodium  carbonate  bead.  In  the  oxidizing  flame  a  clear 
bead  is  formed  with  effervescence ;  gelatinous  silica 
separates  when  the  bead  is  carefully  evaporated  with 
water  and  acetic  acid. 

94.  Phosphorus  compounds.  The  substance  is 
heated  with  magnesium  wire  in  the  small  tube  closed  at 
one  end,  the  mass  becoming  incandescent.  The 
tube  is  crushed,  and  the  contents  are  moistened  with 
water,  when  the  characteristic  odour  of  hydrogen  phos- 
phide is  perceptible.  In  the  place  of  magnesium,  sodium 
may  be  employed  in  the  reaction. 

95.  Sulphur  compounds.  On  charcoal  splinter 
ivith  sodium  carbonate.  Heated  in  the  lower  reducing 
flame  a  fused  mass  is  obtained,  which  gives  a  black  stain 
when  moistened  on  a  piece  of  silver.  As  selenium 
and  tellurium  compounds  give  the  same  reaction,  it  is 
necessary  to  ascertain  the  absence  of  these  by  the  film 
test  (par.  73). 

Sulphides  are  readily  recognized  by  the  odour  of 
sulphur  dioxide  given  off  when  they  are  heated. 
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CHAPTER  III. 

SPECIAL  EXAMINATION  FOR  CERTAIN  ELE- 
MENTS IN  COMBINATION. 

96.  The  reactions  described  in  the  previous  chapters 
suffice  for  the  detection  of  the  more  simple  chemical 
compounds.  In  the  case,  however,  of  the  more  complex 
compounds  which  are  met  with  in  practice,  the  indications 
thus  obtained  are  scarcely  sufficiently  characteristic,  as 
the  reactions  of  the  various  elements  contained  in  the 
substance  under  examination  are  in  many  cases  either 
modified  or  obscured  by  the  other  constituents  present. 

For  example,  the  mineral  bournonite  which,  in  addition 
to  lead,  contains  antimony,  copper  and  sulphur,  gives 
reactions  quite  different  from  those  exhibited  by  the  pure 
lead  compounds.    The  latter  yield  an  incrustation  which 
is  lemon-yellow  when  hot  and  sulphur-yellow  when  cold, 
together  with  a  malleable  metallic  bead.    Bournonite,  on 
the  other  hand,  gives  first  a  white  incrustation  of  anti- 
mony oxide,  soon  accompanied  by  lead  antimonate,  lead 
sulphate  and  lead  oxide,  so  that  the  incrustation  nearest 
the  assay  has  a  dark-yellow  colour  very  closely  resembling 
a  bismuth  incrustation.    The  bead  which  remains  is 
•  usually  brittle  and  black,  and  yields  with  borax  in  the 
;oxidizmg  flame  a  pearl  which  is  green  when  hot  and  blue 
:on  coolmg-  in  the  reducing  flame  this  does  not  always 
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become  brown  and  opaque  as  might  be  expected,  but  is 
frequently  rendered  grey  by  the  antimony  contained  in 
the  bead. 

In  such  instances  it  is  possible  frequently  to  detect  many 
if  not  all  the  constituents  of  the  mixture  in  the  ordinary 
way  by  careful  observation  of  its  various  reactions,  and 
by  comparison  of  the  results  with  those  obtained  in 
the  examination  of  other  substances.  Very  often,  how- 
ever, the  course  of  investigation  must  be  considerably 
modified,  and  in  some  cases  indeed  it  is  necessary  to 
make  use  of  the  wet  method  to  clear  up  doubtful  points. 

The  present  chapter  contains  a  description  of  the 
mode  of  examination  in  those  cases  in  which  a  special 
procedure  is  necessary  for  the  detection  of  a  body  when 
occurring  along  with  other  substances.  Here  are  given 
also  the  most  important  reactions  of  those  elements 
which  are  not  sufficiently  characterized  in  the  ordinary 
blowpipe  course.  The  substances  are  arranged  alpha- 
betically for  convenience  of  reference. 

97.  Ammonium.  The  substance  is  mixed  with 
carbonate  of  soda  or  caustic  potash,  and  heated  in  a  glass 
tube  closed  at  one  end.  Ammonia  is  evolved,  and  is 
recognized  by  its  odour,  and  by  the  white  fumes  produced 
when  a  glass  rod  moistened  with  hydrochloric  acid  is 
held  near  to  the  tube. 

It  should  however  not  be  overlooked  that  organic  com- 
pounds containing  nitrogen  also  yield  ammonia  as  a  de- 
composition-product by  this  treatment. 

Antimony.  For  the  reactions  of  antimony  and  its 
compounds,  see  pars.  11,  16,  25,  61,  73,  and  No.  16  in 
the  table  at  the  end  of  the  book. 

98.  In  presence  of  lead  or  bismuth,  antimony  cannot 
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be  detected  by  its  incrustation  alone.  In  this  case  the 
assay  [No.  45  or  81]  is  heated  on  charcoal  with  fused  boric 
acid,  which  dissolves  the  lead  and  bismuth  oxides,  whilst 
the  antimony  oxide  incrusts  the  charcoal.  The  tempera- 
ture ought  not  to  be  too  high. 

99.  Antimony  when  combined  with  copper  is  separated 
with  so  much  difficulty  that  hardly  any  incrustation  is 
obtained.  Such  a  mixture  [No.  82]  is  treated  with 
microcosmic  salt  until  a  part  of  the  antimony  passes  into 
the  glass ;  this  is  then  separated  from  the  metallic  bead 
and  heated  with  a  little  tin  on  a  piece  of  charcoal  in  the 
reducing  flame.  In  presence  of  antimony  the  glass  be- 
comes grey  or  black  [No.  16  of  end  table].  Should  bis- 
muth, which  behaves  similarly  to  antimony,  be  likewise 
present,  examination  in  the  wet  way  must  be  resorted  to. 

100.  Oxides  of  aiitimony,  tin,  and  coppe?:  The  sub- 
stance is  treated  with  a  mixture  of  sodium  carbonate 
and  borax  in  the  reducing  flame;  the  metalhc  bead 
after  separation  from  the  glass  is  then  fused  with  from 
3  to  4  times  its  volume  of  assay-lead  together  with  some 
fused  boric  acid  in  the  reducing  flame.  The  copper 
remains  behind  in  the  metallic  state,  the  tin  passes  into 
the  slag,  and  the  antimony  incrusts  the  charcoal. 

101.  Antimony  sulphide  and  lead  sulphide.  Although 
the  antimony  sulphide  exhibits  the  reaction  described 
m  par.  16,  yet  in  consequence  of  the  presence  of  the 
lead  sulphide,  only  a  slight  sublimate  of  antimony  oxide 
is  formed.  The  residue  forms  a  white  powder  con- 
sisting of  antimony  tetroxide,  sulphate  of  lead  and  anti- 
monate  of  lead.  For  the  detection  of  antimony  proceed 
as  in  par  109. 

Antimony  sulphide  and  stilphide  of  lead  or  bismuth.  On 
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charcoal  in  the  reducing  flame  a  yellow  incrustation  of 
lead  oxide  or  bismuth  oxide  is  formed  near  to  the  assay, 
and  further  away  a  white  one  of  antimony  oxide  mixed 
with  lead  or  bismuth  sulphate.  The  antimony  is  con- 
firmed according  to  par.  109. 

102.  In  order  to  detect  a  small  quantity  of  antimony 
sulphide  in  presence  of  arsenic  sulphide,  Plattner  recom- 
mends the  following  method.  The  assay  [No.  23]  is 
gently  heated  in  a  tube  closed  at  one  end  whereby  the 
arsenic  sulphide  is  volatilized  and  the  greater  part  of  the 
antimony  sulphide  remains  as  a  black  powder  at  the  bot- 
tom of  the  tube.  The  end  of  the  tube  is  then  broken  off 
and  the  substance  is  heated  in  an  open  tube,  when  the 
characteristic  antimony  reaction  is  obtained. 

Arsenic.  The  reactions  of  arsenic  and  its  compounds 
are  given  in  pars.  11,  15,  33,  61  and  73. 

103.  All  arsenides  give  in  the  open  tube  a  sublimate 
of  arsenic  trioxide  (see  par.  15),  and  most  of  them  on 
charcoal  in  the  reducing  flame  develop  the  characteristic 
odour  of  arsenic  1  (par.  33)  [No.  73].  When  from  the 
presence  of  nickel  or  cobalt,  the  odour  is  not  produced, 
it  can  in  most  cases  be  obtained  by  fusing  with  assay-lead 
in  the  oxidizing  flame. 

104.  Arsenic  sulphide  gives  off  sulphur  dioxide  on 
heating  in  the  open  tube  and  yields  a  sublimate  of 
arsenic  trioxide.  To  detect  arsenic  with  certainty  in  any 
combination  with  sulphur,  the  powdered  assay  [No.  7  6]  is 
heated  with  six  times  its  volume  of  a  mixture  of  equal 
parts  of  potassium  cyanide  and  sodium  carbonate.  A 

1  According  to  Vogel  the  arsenic  odour  is  best  obtained  by  making 
the  assay  into  a  paste  with  charcoal  powder,  and  diUite  shellac  solution  ; 
small  pencils  are  made  of  the  paste  and  these  are  then  burnt. 
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glass  tube  mth  a  bulb  at  one  end  is  used,  and  the  heat 
is  applied  gently  at  first,  but  finally  increased  to  redness. 
An  arsenic  mirror  forms  on  the  cold  part  of  the  tube.  To 
succeed  with  this  characteristic  experiment  it  is  necessary 
that  the  substance  and  reagents  shall  be  perfectly  dry. 
Hence  if  moisture  appears  on  first  heating  the  tube,  it 
must  be  carefully  removed  by  means  of  a  roll  of  filter 
paper. 

105.  When  arsenic  sulphide  is  heated  on  charcoal,  it 
may  happen  that  the  whole  of  the  arsenic,  especially  if 


Fig.  15. 

present  in  small  quantity  only,  is  driven  off  in  combina- 
tion with  the  sulphur.  This  is  prevented  by  mixing  such 
compounds  [No.  23]  with  from  3  to  4  parts  of  neutral 
potassium  oxalate  or  potassium  cyanide,  and  heating  in 
the  reducing  flame.  Potassium  sulphide  is  formed,  and 
the  arsenic,  when  not  combined  with  nickel  or  cobalt,  is 
expelled  with  its  characteristic  odour. 

106.  According  to  Berzelius,  a  very  minute  quantity  of 
arsenic  trioxide  can  be  easily  detected  in  the  following 
way.    A  grain  of  the  substance  is  placed  at  the  end  of  a 
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drawn-out  closed  tube,  Fig.  15,  and  a  splinter  of  freshly 
ignited  charcoal  is  then  pushed  in  just  in  front  of  the 
assay ;  the  charcoal  is  first  heated,  and  the  heat  is  then 
extended  to  the  assay,  the  whole  being  brought  up  to 
redness.  The  arsenic  trioxide  is  reduced  to  metal  as  its 
vapour  passes  over  the  ignited  charcoal,  and  a  mirror  is 
formed  above  the  heated  portion  of  the  tube.  If  the 
tube  be  broken  between  a  and  h  and  heated,  the  arsenic 
odour  is  perceptible  [No.  41]. 

107.  To  detect  arsenic  in  arsenates  and  arsemies,  the 
treatment  with  sodium  carbonate,  or  with  a  mixture  of 
this  and  potassium  cyanide,  is  in  most  cases  sufficient 
(par.  104).  When,  however,  very  small  quantities  of  these 
acids  are  combined  with  an  easily  reducible  metal,  the 
wet  method  must  be  resorted  to. 

Bismuth.  For  the  reactions  of  bismuth  and  its 
compounds,  see  pars.  12,  17,  26,  61,  73,  and  No.  18  in 
the  table  at  the  end  of  the  book. 

108.  In  alloys,  as  it  generally  occurs  in  nature  and  in 
metallurgical  products,  bismuth  is  usually  detected  by  its 
incrustation.  When  combined  with  sulphur,  the  yellow 
incrustation  is  surrounded  by  a  white  one  of  bismuth 
sulphate.  The  formation  of  the  latter  can,  however,  be 
prevented  by  the  addition  of  sodium  carbonate. 

To  detect  bismuth  when  present  with  other  incrustation- 
forming  metals,  antimony  excepted,  the  incrustation  is 
scraped  from  the  charcoal,  and  dissolved  in  microcosmic 
salt  on  platinum  wire  in  the  oxidizing  flame ;  the  bead 
is  then  struck  off  the  wire  and  reduced  on  charcoal  with 
a  little  tin,  when  the  grey  or  black  colour  of  the  bead 
indicates  bismuth.  Antimony  gives  a  similar  reaction.  If 
this  be  present,  the  assay  must  be  previously  heated  in  the 
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oxidizing  flame  until  all  the  antimony  has  been  expelled. 
According  to  Kobell,  any  bismuth  compound  treated  on 
a  large  piece  of  charcoal  with  a  mixture  of  equal  parts  of 
potassium  iodide  and  sulphur  (or  with  potassium  iodide 
alone  if  the  substance  contains  sulphur),  yields  a  very 
characteristic  beautiful  red  incrustation  at  some  distance 
from  the  assay.  Substances  containing  lead,  when  simi- 
larly treated,  give  a  deep-yellow  incrustation,  which  does 
not  interfere  with  the  bismuth  reaction. 

109.  Cornwall  has  modified  this  method  for  the  detec- 
tion of  bismuth  in  presence  of  antimony  and  lead  in  the 
following  way:  The  substance,  mixed  with  an  equal 
volume  of  sulphur,  is  placed  in  a  deep  hole  in  charcoal, 
and  heated  for  a  short  time  with  the  blue  flame.  The 
fiised  sulphide  formed  is  then  brought  on  to  a  flat  part  of 
the  charcoal,  and  exposed  alternately  to  the  oxidizing 
and  reducing  flames,  until  antimony  fumes  cease  to  be 
evolved,  and  a  blue  flame  due  to  lead  appears.   To  the 
pulverized  residue  is  then  added  an  equal  quantity  of  a 
mixture  of  one  part  of  potassium  iodide  and  five  parts  of 
sulphur.    The  whole  is  heated  over  a  gas-  or  spirit-lamp 
m  an  open  tube,  from  10  to  12  cm.  long,  and  10  mm. 
wide.    A  distinct  sublimate  of  red  bismuth  iodide  forms 
about  10  mm.  above  the  yellow  lead  iodide  sublimate 
An  iodine  sublimate  which  may  form  further  away  from 
the  assay  must  not  be  mistaken  for  the  bismuth 
subhmate. 

Boron.  To  obtain  the  yellowish-green  colour  which 
boric  acid  imparts  to  the  blowpipe  flame,  the  salt 
[No.  26]  IS  finely  powdered,  moistened  with  a  drop  of 
concentrated  sulphuric  acid,  and  brought  into  the  flame 
on  a  platinum  wire. 
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The  flame-colourarion  is  still  better  obtained  by  mixing 
the  finely  powdered  substance  with  4  parts  of  acid 
potassium  sulphate,  and  i  part  of  calcium  fluoride.  The 
mixture  is  moistened  with  a  drop  of  water  and  brought 
into  the  flame  on  a  platinum  loop  ;  on  fusion  boron 
fluoride  is  formed  which  colours  the  flame  a  pure  green. 
As  the  colouration  is  only  momentary,  careful  observation 
is  required. 

Another  reliable  reaction  has  been  proposed  by  lies. 
The  finely  powdered  material  is  moistened  on  platinum 
foil  with  sulphuric  acid,  the  excess  of  acid  is  volatilized 
by  warming,  and  the  powder  is  mixed  to  a  paste  with 
glycerine.  This  is  then  brought  by  means  of  a  platinum 
wire  into  the  flame,  when  the  latter  acquires  a  green 
colour. 

no.  The  following  is  a  very  sensitive  reaction  for 
borates  of  the  alkalis  and  alkaline  earths.  The  assay  is 
dissolved  in  dilute  hydrochloric  acid,  and  a  piece  of 
turmeric  paper  is  partially  dipped  into  the  solution; 
after  drying  at  100°  C.  that  portion  of  the  paper  with 
which  the  liquid  has  come  into  contact  assumes  a 
brownish-red  colour  in  presence  of  boric  acid.  This 
colour  must  not  be  confounded  with  the  dark-brown 
produced  by  concentrated  hydrochloric  acid  on  turmeric 
paper. 

The  red  colour  of  the  turmeric  paper,  on  moistenmg 
with  the  solution  of  an  alkali,  is  changed  to  bluish-  or 
greenish-black. 

Bromine.  For  the  behaviour  of  bromine  compounds 
towards  acid  potassium  sulphate,  see  par.  62. 

III.  If  a  bromine  compound  be  added  to  a  micro- 
cosmic  bead  containing  copper  oxide,  and  this  be  then 
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heated  with  the  tip  of  the  blue  flame,  the  latter  becomes 
greenish-blue  coloured,  especially  at  the  edge  [No.  31]. 
After  the  volatilization  of  the  bromine  the  green  copper 
flame  reappears.  Chlorine  behaves  in  a  similar  manner 
(see  par.  113). 

Cadmium.  For  the  reactions  of  cadmium  and  its 
compounds,  see  pars.  11,  35,  6r,  73,  and  No.  19  of  the 
table  at  the  end  of  the  book. 

112.  Oxides  of  cadmium  and  zinc.  The  powdered 
assay  is  mixed  with  sodium  carbonate,  and  heated  on 
charcoal  in  the  reducing  flame.  There  is  first  formed  the 
brown  incrustation  of  cadmium  oxide,  and  afterwards 
that  of  the  less  volatile  zinc  oxide  [No.  50]. 

Chlorine.  The  reaction  of  the  chlorine  compounds 
on  charcoal  is  given  in  par.  39 ;  that  with  acid  potassium 
sulphate  in  par.  63. 

113.  Copper  oxide  is  dissolved  in  a  microcosmic  bead 
on  platinum  wire  until  the  bead  becomes  almost  opaque, 
a  littie  of  the  powdered  assay  [No.  33]  is  placed  on  the 
bead,  and  the  point  of  the  blue  flame  is  brought  to  bear 
upon  it.  In  presence  of  chlorine  the  flame  is  coloured 
of  an  intense  blue  from  the  formation  of  copper  chloride 
(par.  41).  Minute  quantities  of  chlorine  can  be  detected 
by  this  reaction.    Bromine  behaves  similarly. 

114.  When  a  chloride  is  gently  heated  with  dry  potas- 
sium chromate  and  concentrated  sulphuric  acid,  dark 
brownish-red  vapours  of  chlorochromic  acid  are  evolved, 
which  condense  to  drops  of  the  same  colour.  Ammonia 
turns  this  liquid  yellow. 

Chromium  For  the  reactions  of  chromium  and  its 
compounds,  see  pars.  64,  65,  and  89,  and  No.  21  of  the 
table  at  the  end  of  the  book. 
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115.  The  reactions  with  borax  and  microcosmic  salt 
are  generally  very  characteristic;  still  the  colours  are 
often  obscured  in  the  presence  of  large  quantities  of  iron, 
copper,  or  other  strongly  colouring  substance.  In  such 
cases  chromium,  when  not  combined  with  silica,  may  be 
detected  in  the  following  way  :  The  finely-powdered  assay 
is  mixed  with  double  its  quantity  of  a  mixture  of  equal  parts 
of  sodium  carbonate  and  potassium  nitrate,  and  fused  in  a 
platinum  spoon  or  on  a  platinum  spiral  in  a  strong  oxidizing 
flame.  An  alkaline  chromate  is  formed,  which  is  then 
dissolved  in  water,  and  boiled  with  an  excess  of  acetic 
acid.  A  crystal  of  lead  acetate  brought  into  the  solution 
produces  a  yellow  precipitate  of  lead  chromate,  which 
may  be  collected  on  a  filter,  and  further  tested  with  borax 
and  microcosmic  salt.  If,  instead  of  lead,  silver  nitrate 
be  added,  a  dark  purple-red  precipitate  of  silver  chromate 
is  produced. 

116.  Silicates  which  contain  but  little  chromium  to- 
gether with  iron  or  other  strongly-colouring  metallic  oxide, 
are  treated  on  charcoal  with  one  part  of  sodium  carbonate 
and  half  a  part  of  borax  in  the  oxidizing  flame,  until  a 
clear  glass  is  produced,  which  is  pulverized  and  evaporated 
with  hydrochloric  acid  in  a  porcelain  capsule.  The 
chlorides  thus  formed  are  dissolved  in  water,  separated 
by  filtration  from  the  separated  silica,  the  iron  is  oxidized 
by  boiling  with  a  few  drops  of  nitric  acid,  and  the  basic 
chromium  oxide  together  with  other  substances  is  pre- 
cipitated by  ammonia.  The  precipitate  is  collected  on  a 
filter,  washed,  and  treated  as  before  described  with 
sodium  carbonate  and  potassium  nitrate. 

Cobalt.  For  the  reactions  of  cobalt  and  its  com- 
pounds see  par.  76,  and  No.  22  of  the  table  at  the  end  of 
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the  book.  To  detect  cobalt  in  presence  of  other  metals, 
see  also  pars.  131,  132,  and  137. 

117.  In  examining  metallic  compounds  for  cobalt 
it  is  advisable  to  powder  the  substance  finely,  and 
to  roast  on  charcoal,  so  as  to  remove  arsenic  and 
sulphur.  Lead  and  bismuth  when  present  yield  under 
this  treatment  incrustations  on  the  charcoal.  The  residue 
is  heated  with  borax  in  the  oxidizing  flame.  If  it  forms  a 
glass  which  is  not  a  pure  blue,  the  presence  of  iron  is 
indicated  (see  par.  131).  In  such  a  case,  the  glass  is 
removed  from  the  assay,  and  fresh  quantities  of  borax 
are  added  until  a  pure  blue  colour  appears.  Nickel  and 
copper  are  only  taken  up  by  the  flux,  when  the  cobalt 
present  has  been  oxidized.  For  the  detection  of  these 
metals  the  blue  glass  is  separated  from  the  bead,  which 
is  fused  (in  the  oxidizing  flame)  with  new  portions 
of  borax,  until  the  glass  becomes  brown  with  nickel 
oxide.  After  this  glass  has  been  removed,  microcosmic 
salt  is  added,  the  oxidizing  flame  being  still  used,  and  a 
green  bead  is  obtained  in  presence  of  copper,  which,  when 
cold,  retains  this  colour,  and  by  reduction  on  charcoal 
with  a  little  tin  becomes  red  and  turbid  [Nos.  74  and  75]. 

118.  The  above  process  can  be  modified  so  as  to 
better  separate  nickel  and  copper  by  adding  some  assay- 
lead  together  with  the  borax,  and  treating  in  the  re- 
ducing flame.  Nickel  and  copper  pass  into  the  lead 
bead;  the  glass  is  examined  on  platinum  wire  for  cobalt, 
whilst  the  lead  bead  is  heated  in  the  oxidizing  flame  with 
microcosmic  salt,  and  becomes  green  when  cold  in  the 
presence  of  nickel  and  copper.  Nickel  alone  yields  a 
yellow  bead,  whilst  copper  gives  a  blue  bead  which  by 
reduction  on  charcoal  with  tin  becomes  red  and  turbid. 
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Copper.  For  the  reactions  of  copper  and  its  com- 
pounds, see  pars.  55  and  84,  and  No.  23  of  the  table  at 
the  end  of  the  book. 

119.  Copper  is  readily  recognized  by  the  brown  borax 
bead  and  the  red  microcosmic  bead  which  result  when 
beads  produced  in  the  oxidizing  flame  are  heated  on 
charcoal  with  tin  in  the  reducing  flame.  By  repeated 
oxidation  and  reduction,  the  borax  bead  becomes  ruby- 
red,  especially  when  the  reduced  bead  is  allowed  to 
oxidize  slowly. 

120.  To  detect  small  quantities  of  copper  when  com- 
bined with  metals,  the  assay  [No.  24,  82  or  81]  is 
heated  on  charcoal  in  the  oxidizing  flame  to  expel 
volatile  constituents.  Boric  acid,  which  has  been  pre- 
viously fused  to  a  bead,  is  then  added,  and  the  whole 
is  heated  in  a  large  reducing  flame,  which  covers  the 
assay.  As  soon  as  the  bead  assumes  a  metallic  appear- 
ance, the  point  of  an  oxidizing  flame  is  applied,  so 
as  just  to  touch  the  glass  without  grazing  the  metallic 
bead.  By  this  process  lead,  iron,  cobalt,  a  portion  of 
the  nickel,  and  also  the  volatile  elements  not  wholly 
expelled  by  the  previous  roasting,  such  as  bismuth, 
antimony,  and  zinc,  are  converted  into  oxide  and  are 
either  volatilized  or  are  absorbed  by  the  glass.  The 
remaining  bead  is  separated'  from  the  glass,  dissolved  in 
microcosmic  salt  on  charcoal  in  the  oxidizing  flame,  and 
reduced  with  tin  in  the  reducing  flame. 

121.  To  detect  copper  in  compounds  containing  much 
nickel,  cobalt,  iron,  and  arsenic,  the  assay  is  first  treated 
with  borax  on  charcoal  in  the  reducmg  flame,  in  order  to 
dissolve  the  greater  part  of  the  iron  and  cobalt.  The 
remaining  metallic  bead  is  treated  with  assay-lead  and 
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boric  acid  as  above.  Arsenic  is  volatilized,  and  the  residue 
of  iron  and  cobalt,  together  with  a  part  of  the  nickel, 
is  absorbed  by  the  boric  acid.  The  metallic  bead,  separ- 
ated from  the  glass,  is  dissolved  in  microcosmic  salt 
under  an  oxidizing  flame,  when  the  presence  of  copper  is 
indicated  by  the  dark-green  glass  becoming  hght-green  on 
cooling,  this  latter  colour  resulting  from  the  yellow  nickel 
and  blue  copper  beads  [No.  78]. 

To  recognize  copper  in  presence  oitin,  see  par.  160. 

122.  If  the  copper  is  combined  with  sulphur^  the 
assay  is  roasted  on  charcoal,  and  its  behaviour  with 
microcosmic  salt  examined.  Should  a  black  or  grey 
bead  result  from  the  presence  of  antimony  or  bismuth, 
it  is  necessary  to  treat  the  assay  after  roasting  with 
sodium  carbonate,  borax,  and  assay-lead  on  charcoal  in 
the  reducing  flame;  the  separated  metallic  bead  is  then 
strongly  heated  to  remove  the  antimony,  and  afterwards 
boric  acid  is  added,  as  in  par.  120  [No.  72]. 

123.  Cupriferous  minerals  often  impart  a  green  colour 
to  the  non-luminous  flame,  or  when  the  metal  is  combined 
with  chlorine,  an  azure-blue  colour.  If  the  reaction  does 
not  immediately  appear,  it  may  be  frequently  produced 
by  powdering  the  assay  and  moistening  with  a  drop  of 
concentrated  hydrochloric  acid,  evaporating  to  dryness, 
and  rubbing  the  powder  into  a  paste  with  water,  which 
can  then  be  brought  into  the  flame  on  a  platinum 
loop  [No.  69]. 

124.  Fluorine.  If  fluorine  compounds  be  heated  with 
four  times  their  quantity  of  acid  potassium  sulphate  in  a 
tube  closed  at  one  end,  hydrofluoric  acid  is  evolved, 
which  turns  moist  Brazil-wood  paper  straw-yellow,  and 
corrodes  the  glass  all  about  the  mixture.    It  is  best  to 
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heat  the  mixture  from  above  downwards,  to  prevent  the 
•contents  of  the  tube  from  being  ejected,  and  the  cor- 
rosion is  best  seen  after  cleaning  and  drying  the  tube. 
Minerals  in  which  hydrofluoric  acid  is  combined  with 
weak  bases  and  with  water  at  the  same  time,  simply 
require  heating  in  the  glass  tube  to  produce  the  reaction 
described  [No.  56]. 

125.  To  detect  very  small  quantities  of  fluorine  in 
minerals,  &c.,  the  following  method  is  used.  A  small 
bent  piece  of  platinum  foil  is  pushed  into  the  end  of  an 
open  glass  tube,  and  on  the  foil  is  laid  a  mixture  of 
the  assay  with  calcined  microcosmic  salt,  both  finely 
powdered;  the  flame  is  now  applied  to  the  mixture  so 
that  the  products  of  combustion  pass  through  the  tube. 
If  the  substance  contains  fluorine,  hydrofluoric  acid,  pos- 
sessing a  peculiar  pungent  odour,  is  generated,  the  tube 
is  etched,  and  moist  Brazil-wood  paper  is  coloured 
yellow  [No.  29]. 

126.  Gold.  For  the  reactions  of  gold  and  its  com- 
pounds, see  pars.  30  and  82  and  No.  25  of  the  table  at  the 
end  of  the  book.  An  alloy  of  gold  with  volatile  metals 
such  as  mercury,  antimony  and  tellurium,  needs  only  to 
be  heated  on  charcoal  in  the  oxidizing  flame,  in  order  to 
obtain  a  bead  of  gold  which  can  be  recognized  by  its  phy- 
sical properties.  Lead  is  removed  as  described  in  par.  153. 

A  bead  containing  the  infusible  metals,  such  as  platinum 
and  iridium,  is  much  less  fusible  than  pure  gold.  Such 
mixtures  can  only  be  examined  in  the  wet  way. 

127.  When  together  with  copper,  whose  presence  can 
easily  be  ascertained  by  testing  with  microcosmic  salt,  gold 
is  detected  as  follows.  The  alloy,  a  gold  coin  for  example, 
is  dissolved  in  assay-lead  and  the  mass  is  cupelled.  In 
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this  way  the  copper  is  removed.  If  the  alloy  contains 
silver^  the  resulting  bead  is  treated  with  microcosmic  salt 
on  charcoal  in  the  oxidizing  flame.  The  silver  is  gradually 
oxidized  and  taken  up  by  the  glass,  and  the  latter  on 
cooling  becomes  opaline  in  consequence.  To  determine 
roughly  the  relative  weights  of  the  two  metals,  the  bead  is 
warmed  with  hydrochloric  acid  in  a  porcelain  capsule.  If 
the  alloy  contains  up  to  25  per  cent,  of  gold,  it  becomes 
black,  the  silver  dissolves  gradually,  and  the  gold  remains 
as  a  black  or  brown  spongy  mass.  If  more  than  2  5  per 
cent,  of  gold  be  present,  the  bead  also  becomes  black,  but 
the  silver  is  not  dissolved.  When  the  metals  are  present 
in  about  equal  proportion,  no  change  takes  place.  If  the 
gold  is  considerably  in  excess,  this  can  be  recognized 
readily  by  the  yellow  colour  of  the  alloy. 

128.  Iodine.  The  reaction  of  iodine  with  acid  potas- 
sium sulphate  (see  par.  62)  is  very  characteristic. 

When  added  to  a  microcosmic  bead  containing  copper 
oxide,  the  outer  flame  acquires  apuregreen  colour  [No.  32]. 

129.  Iodine  combined  with  silver  or  with  alkalis  can 
be  detected  in  the  presence  of  other  halogens  by  mixing 
the  powdered  substance  with  bismuth  sulphide  (easily  pre- 
pared by  heating  bismuth  and  sulphur  together),  and  heat- 
ing on  a  large  piece  of  charcoal  before  the  blowpipe  flame. 
If  iodine  is  present,  a  beautiful  red  incrustation  of  bismuth 
iodide  is  produced. 

Iron.  For  the  reactions  of  iron  and  its  compounds,  see 
pars.  12  and  74  and  No.  28  of  the  table  at  the  end  of 
the  book.  To  distinguish  protoxide  from  peroxide,  the 
substance  is  added  to  a  borax  bead  containing  copper. 
With  peroxide  the  bead  is  coloured  bluish-green,  whilst 
with  protoxide  red  streaks  of  cuprous  oxide  appear. 
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130.  To  detect  iron  along  with  easily  fusible  vietals,  such 
as  lead,  bismuth,  antimony,  tin  or  zinc,  the  substance  is 
heated  on  charcoal  with  borax  in  the  reducing  flame.  The 
easily  reducible  metals  do  not  become  oxidized  and  con- 
sequently are  not  absorbed  by  the  glass.  The  glass  is 
separated  from  the  metallic  bead,  and  is  heated  on  a  fresh 
piece  of  charcoal  in  the  reducing  flame,  when  it  acquires 
the  characteristic  bottle-green  colour  produced  by  iron, 
and  becomes  vitriol-green  on  addition  of  tin. 

131.  In  presence  of  cobalt,  the  bead  is  not  green  but 
blue  in  colour.  In  such  case  iron  is  sought  for  by  heating 
the  blue  glass  on  platinum  wire  in  the  oxidizing  flame 
sufficiently  long  to  convert  all  the  iron  into  peroxide.  With 
very  little  iron  present,  the  bead  is  green  when  hot,  and 
blue  when  cold ;  with  more  iron  the  bead  is  dark  green 
when  hot,  and  pure  green  when  cold,  this  latter  resulting 
from  a  mixture  of  the  yellow  iron  and  blue  cobalt  colours. 

The  residual  metal  on  the  charcoal  after  the  treatment 
with  borax  (often  only  nickel  and  copper)  is  examined 
according  to  par.  120. 

132.  An  admixture  of  mangatiese  [Nos.  80  and  65] 
colours  the  borax  bead  in  the  oxidizing  flame  red  to  blood- 
red.  By  reduction  with  tin  on  charcoal  the  bead  becomes 
vitriol-green.  If  cobalt  is  present  along  with  7fianganese  a 
dark-violet  bead  is  produced  in  the  outer  flame,  which  in 
the  reducing  flame  becomes  green  when  hot,  and  blue  on 
cooling. 

133.  To  test  for  iron  in  fiickeliferous  substances,  the 
assay  is  dissolved  in  borax  in  the  oxidizing  flame,  and 
then  heated  on  charcoal  in  the  reducing  flame.  Metallic 
nickel  separates  out,  and  the  iron  remaining  dissolved  in  the 
glass  colours  it  green.  I 
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134.  A  substance  containing  iron  and  copper  gives  a 
green  borax  bead  in  the  outer  flame  both  before  and  after 
cooling;  from  this  bead  copper  separates  on  charcoal 
under  the  reducing  flame,  and  the  glass  is  green  from 
iron.  If  the  amount  of  copper  present  is  small,  the  assay 
is  fused  together  with  borax,  sodium  carbonate,  and  assay- 
lead,  the  metallic  bead  obtained  heated  with  boric  acid 
in  the  oxidizing  flame,  and  copper  sought  for  by  the 
aid  of  microcosmic  salt  and  tin. 

135.  If  iron  and  chromium  occur  together,  the  colour  of 
the  glass  afibrds  no  indication  of  the  presence  of  iron.  The 
substance  is  fused  with  sodium  carbonate  on  charcoal  in 
the  reducing  flame,  the  reduced  iron  is  separated  from  the 
slag  by  washing,  and  the  latter  is  fused  with  potassium 
nitrate  for  the  detection  of  chromium. 

136.  Iron  and  uranium  oxides  cannot  be  distinguished 
from  one  another  in  the  dry  way.  To  separate  them 
the  assay  is  fused  with  acid  potassium  sulphate,  extracted 
with  water,  and  the  solution  treated  with  ammonium 
carbonate  to  precipitate  the  iron ;  the  filtrate  is  acidified-, 
boiled  to  expel  carbon  dioxide,  and  the  yellow  uranium 
oxide  is  precipitated  by  ammonia.  Both  products  are 
then  further  examined  [No.  66]. 

137.  A  substance  containing  iron,  7iickel,  cobalt,  man- 
ganese, and  copper  is  fused  with  metallic  arsenic  or  with 
potassium  arsenate,  and  the  mass  is  treated  with  borax  in 
successive  portions  in  the  oxidizing  flame.  There  results, 

first,  a  yellowish-green  colour  from  iron. 

then  a  blue  „       „  cobalt, 

„    a  brown  ,,       ,,  nickel, 

„    a  green  „       „  copper. 

Under  the  reducing  flame,  nickel  and  copper  can  be 


94  BLOWPIPE  ANALYSIS.  [138 

separated  from  the  borax  glass,  whilst  iron,  cobalt,  and 
manganese  remain  dissolved,  and  are  looked  for  accord- 
ing to  par.  132. 

Lead.  For  the  reactions  of  lead  and  its  compounds 
see  pars.  12,  27,  61,  73,  and  No.  30  of  the  table  at  the 
end  of  the  book. 

138.  An  alloy  of  lead  and  zinc  [No.  47]  incrusts  the 
charcoal  with  oxides  of  lead  and  zmc,  the  presence  of  the 
first  of  which  is  indicated  by  the  colour  of  the  incrusta- 
tion, and  by  the  pale-blue  colour  imparted  to  the  reducing 
flame  (see  par.  27).  Zinc  is  best  detected  by  moistening 
the  charcoal  near  to  the  assay  with  cobalt  solution  and 
re-heating,  when  the  green  colour  due  to  zinc  is  easily 
distinguished  from  the  lead  incrustation. 

An  alloy  of  lead  and  bistimth  [No.  46]  gives  a  some- 
what darker  incrustation  than  does  pure  lead.  Bismuth 
is  detected  according  to  par.  108  ;  lead  is  recognized  by 
the  pale-blue  colour  imparted  to  the  reducing  flame. 

139.  To  detect  lead  in  sulphides,  the  assay  is  heated 
on  charcoal  in  the  reducing  flame,  whereby  the  incrusta- 
tion due  to  lead  is  produced.  An  admixture  of  antimony 
cannot  here  be  detected,  since  the  film  of  lead  sulphate 
which  surrounds  the  oxide  incrustation  may  easily  be 
mistaken  for  the  antimony  oxide  incrustation. 

In  order  to  detect  antimony  at  the  same  time  in  such  a 
case,  it  is  sufficient  to  powder  the  assay  [No.  81],  mix 
with  sodium  carbonate,  and  heat  for  a  short  time  only  in 
the  reducing  flame.  In  absence  of  antimony,  the  incrusta- 
tion is  a  pure  yellow  with  a  bluish-white  border ;  in  pres- 
ence of  antimony,  the  incrustation  is  surrounded  by  a 
white  film  of  antimony  oxide,  and  the  incrustation  has  a 
dark,  orange-yellow  colour  from  the  formation  of  lead 
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antimonate.  If  the  mixture  be  heated  too  long,  sodium 
sulphide  will  volatilize,  and  an  incrustation  of  sodium 
sulphate  will  be  deposited. 

140.  If  lead  sulphate  occurs  with  a  large  amount  of 
copper  sulphate  [No.  24],  tlie  metallic  bead  obtained  by 
reduction  does  not  show  the  presence  of  lead,  but  a 
strong  oxidizing  flame  will  volatilize  the  lead  and  produce 
an  incrustation. 

Lead  chloride  fuses  before  the  blowpipe  flame,  and 
yields  two  incrustations  :  a  white  volatile  one  of  chloride, 
and  a  less  volatile  one  of  oxide.  In  addition,  the  reduc- 
ing flame  is  coloured  pale-blue. 

Lead  phosphate  fuses  alone  to  a  bead  on  charcoal  with 
the  formation  of  very  little  or  no  incrustation.  On  cool- 
ing, the  bead  crystallizes  with  large  white  facets  of  a 
pearly  lustre. 

Lithium.  The  reactions  of  lithium  and  its  com- 
pounds are  given  in  par.  51  and  No.  3  of  the  table  at  the 
end  of  the  book. 

141.  Silicates  which  contain  only  small  quantities  of 
lithium  are  made  into  a  paste  with  one  part  of  fluorspar,, 
one  and  a  half  parts  of  acid  potassium  sulphate,  and  a 
drop  or  two  of  water,  and  then  heated  for  flame-coloura- 
tion on  a  platinum  loop  [No.  63].  If  the  silicate  also 
contains  boric  acid,  as  in  tourmaline,  a  green  flame  is 
first  obtained,  and  then  a  red  one. 

The  presence  of  phosphoric  acid,  as  in  the  case  of 
triphyline  for  example,  causes  a  green  flame,  perceptible 
along  with  the  red  one,  especially  after  moistening  with 
sulphuric  acid. 

Lithium,  in  presence  of  sodium,  can  also  be  detected 
by  plunging  the  assay,  moistened  with  hydrochloric  acid. 
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into  molten  wax  or  tallow,  and  then  holding  in  the  non- 
luminous  flame ;  a  carmine  flame  is  then  momentarily 
produced. 

Manganese.  For  the  reactions  of  manganese  and 
its  compounds,  see  par.  91,  and  No.  31  of  the  table  at  the 
end  of  the  book. 

142.  If  a  bead  containing  manganese,  just  removed 
from  the  oxidizing  flame,  be  brought  into  contact  with  a 
crystal  of  potassium  nitrate  or  chlorate,  or  be  thrown  into 
a  porcelain  capsule  containing  the  powdered  reagent,  a 
violet  frothlike  mass  of  potassium  permanganate  is  pro- 
duced. 

143.  To  detect  the  smallest  quantity  of  manganese  in 
any  compound,  the  assay  [No.  62  or  80]  is  fused  with  two 
parts  of  sodium  carbonate  and  one  part  of  potassium 
nitrate,  on  platmum  wire  or  foil,  in  the  oxidizing  flame. 
Potassium  manganate  is  thus  formed,  which  is  green  and 
clear  whilst  hot,  and  becomes  bluish-green  and  opaque  on 
cooling.  With  water,  a  green  solution  is  obtained,  which 
becomes  red  on  the  addition  of  acetic  acid,  and  afterwards 
colourless,  frequently  with  the  separation  of  brown  flakes. 

The  simultaneous  presence  of  silica  and  cobalt  hinders 
the  reaction,  a  blue  mass  being  formed  which  obscures  the 
green  colour.  In  this  extremely  rare  case  the  silica  must 
first  be  separated  in  the  wet  way.  Should  chromium  be 
present,  the  colour  of  the  product  is  yellowish-green. 

144.  To  detect  manganese  in  metallic  compounds,  or  m 
metallurgical  products,  the  substance  is  dissolved  in  nitric 
acid,  the  solution  is  evaporated  to  dryness,  and  the  ignited 
residue  is  tested  with  sodium  carbonate  and  potassium 

nitrate  as  above. 

Mercury.    For  the  reactions  of  mercury  and  its  com- 
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pounds,  see  pars.  12,  17,  61  and  73,  and  No.  32  of  the 
table  at  the  end  of  the  book. 

145.  Avialgains,  when  heated  in  a  tube  dosed  at  one 
end,  give  a  subHmate  of  metallic  mercury  in  the  form  of 
minute  globules  which  are  best  seen  under  a  lens  [No.  44]. 

In  combination  with  j?,f^/iir/?' [No.  77],  chlori7ie  \^o.  42], 
iodine  or  oxyadds,  the  assay  is  heated  with  dry  sodium 
carbonate.  The  acid  or  halogen  remains  combined  with 
the  soda,  whilst  the  mercury  sublimes. 

If  the  quantity  of  mercury  is  so  small  that  the  sublimate 
cannot  be  clearly  seen,  the  experiment  is  repeated,  and  a 
bit  of  gold  leaf  wrapped  around  an  iron  wire  is  passed 
down  the  tube  near  to  the  assay.  The  smallest  quantity 
of  mercury  suffices  to  turn  the  gold  white. 

Molybdenum.  For  the  reactions  of  molybdenum 
and  its  compounds,  see  pars.  38,  47,  61,  65  and  86,  and 
No.  33  of  the  table  at  the  end  of  the  book. 

146.  Small  quantities  of  molybdic  acid  may  be  readily 
detected  as  follows:  A  little  of  the  powdered  sub- 
stance is  added  to  some  concentrated  sulphuric  acid 
on  a  tray-shaped  piece  of  platinum  foil ;  after  heating  until 
brisk  evaporation  sets  in,  and  then  cooling,  the  foil  is 
repeatedly  breathed  upon.  Where  only  blue  spots  appear 
on  cooling  an  intense  blue  colour  is  produced  by  breath- 
ing. The  reaction  succeeds  still  better  if,  instead  of 
breathing  upon  the  foil,  a  little  alcohol  be  added;  the 
characteristic  blue  colour  then  appears  either  at  once  or 
immediately  after  burning  off  the  alcohol. 

The  method  recommended  by  Bunsen  is  given  in 
par.  86,  "  Special  Reaction." 

Nickel.  For  the  reactions  of  nickel  and  its  compounds 
see  par.  75  and  No.  34  of  the  table  at  the  end  of  the  book! 
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147.  Fusible  metallic  compounds  of  nickel  are  treated 
on  charcoal  with  borax  in  the  reducing  flame,  by  which 
means  iron,  cobalt,  &c.,  are  taken  up  by  the  glass  (for  ex- 
amination see  par.  117),  whilst  the  metals  whose  oxides 
are  easily  reduced  remain  behind.  This  operation  is 
repeated  until  the  glass  remains  colourless.  The  residual 
metallic  bead  is  then  treated  with  microcosmic  salt  in  the 
oxidizing  flame,  when  a  pure  yellow  colour  due  to  nickel, 
or  a  yellowish-green  colour  due  to  nickel  and  copper, 
is  produced.  In  the  latter  case  the  glass  is  reduced  on 
charcoal  with  tin  to  confirm  the  presence  of  copper.  Anti- 
mony and  bismuth,  whose  presence  obscures  this  reaction 
by  blackening  the  bead,  must  be  expelled  by  roasting  pre- 
vious to  the  addition  of  the  flux  [No.  78]. 

In  arsenic  3.Xi^  compounds,  the  search  for  nickel 

is  conducted  as  in  the  case  of  cobalt  (see  par.  118). 

148.  To  detect  small  quantities  of  nickel  in  presence  of 
cobalt  the  following  method  may  be  adopted  :  A  not  too 
small  quantity  of  the  assay  is  dissolved  in  borax  on  plati- 
num wire,  and  the  dark-coloured  bead  is  thrown  off  and 
treated  with  a  small  gold  bead  on  charcoal  in  the  reducing 
flame.  When  cold,  the  gold  bead  is  separated  from  the 
slag  by  a  tap  from  a  hammer,  and  is  fused  with  micro- 
cosmic  salt  in  the  oxidizing  flame.  The  glass  takes  up 
the  easily  soluble  cobalt  oxide,  becoming  blue;  and  fresh 
quantities  must  be  added  uritil  the  colour  changes  to 
green,  and  finally  becomes  yellow.  The  gold  is  afterwards 
refined  by  cupelling  with  lead  on  bone-ash. 

149.  Nitric  Acid.  On  heating  the  perfectly  dry  sub- 
stance [No.  36]  in  a  small  matrass  with  acid  potassium 
sulphate,  reddish-brown  nitrous  fumes  are  evolved.  If  a 
slip  of  paper  moistened  with  ferrous  sulphate  solution  be 
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placed  in  the  neck  of  the  matrass,  which  should  be  rather 
long  for  this  purpose,  the  paper  in  presence  of  nitric  acid 
becomes  yellow  or  brown. 

Since  chlorine  affords  a  similar  reaction,  it  is  necessary, 
when  chlorine  compounds  are  present,  to  use  litharge  free 
from  lead  peroxide  instead  of  the  acid  potassium  sulphate. 
This  oxide  at  first  absorbs  the  nitric  acid,  but  gives  it  off 
again  at  a  higher  temperature. 

Phosphoric  Acid.  For  the  reactions  of  phosphoric 
acid,  see  pars.  45  and  94. 

150.  The  powdered  substance  is  placed  in  a  drawn-out 
glass  tube  closed  at  the  bottom,  and  a  piece  of  magnesium 
wire  about  5  mm.  long,  or  a  bit  of  sodium,  is  added,  and 
surrounded  entirely  by  the  assay.  On  heating,  the  mass 
becomes  incandescent,  and  phosphide  of  magnesium  or 
sodium  is  formed.  On  crushing  the  tube  and  moistening 
its  contents  with  water,  the  characteristic  odour  of  phos- 
phuretted  hydrogen  is  perceived  [No.  64]. 

151.  Selenium.  The  reactions  of  selenium  (pars,  i  r, 
19.  36,  59  and  73)  are  very  characteristic.  In  non- 
volatile compounds,  which  do  not  yield  the  red  sublimate 
mentioned  in  par.  1 1,  this  element  is  easily  detected  by  the 
odour  of  rotten  horse-radish  which  the  substance  [No.  83] 
evolves  when  heated  on  charcoal  in  the  oxidizing  flame  ; 
when  much  selenium  is  present,  an  incrustation  is  also 
produced  in  this  case  (see  par.  36).  Selenates  and  selen- 
ites  are  reduced  with  sodium  carbonate  on  charcoal, 
whereupon  the  peculiar  odour  is  perceived. 

Silicon.  The  reactions  of  silicic  acid  are  given  in 
par.  93  and  No.  15  of  the  table  at  the  end  of  the  book. 

152.  Silicates  are  decomposed  in  the  microcosmic  bead, 
the  bases  combining  with  the  free  phosphoric  acid  to  form' 
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a  transparent  glass,  and  in  this  the  siUca  floats  as  a  spongy 
mass,  forming  the  so-called  silica-skeleton.  The  appear- 
ance of  the  bead  whilst  still  hot  is  noted,  as  many  siUcates 
afford  glasses  which  become  turbid  on  cooling.  The  silica- 
skeleton  consists  of  an  aggregate  of  crystals  too  minute 
to  be  made  out  easily  with  the  microscope.  Examined 
under  high  powers,  they  seem  to  haA^e  the  crystalline  form 
oftridymite  [No.  57]. 

Silver.  For  the  reactions  of  silver  and  its  compound, 
see  pars.  29  and  83,  and  No.  41  of  the  table  at  the  end 
of  the  book. 

153.  Silver  in  combination  vdth  volatile  metals  (bismuth, 
lead,  zinc,  antimony)  is  ignited  strongly  on  charcoal, 
when  after  volatilization  of  these  metals,  a  bead  of  silver 
surrounded  by  a  reddish  incrustation  remains.  A  large 
amount  of  lead  or  bismuth  is  best  removed  by  cupellation. 
This  operation  is  conducted  as  follows  :  Finely  powdered 
bone-ash  together  with  a  little  sodium  carbonate  is  mixed 
with  water  to  a  stiff  paste,  and  this  is  placed  in  a  hole 
bored  in  the  charcoal.  The  surface  of  the  paste  is  hol- 
lowed out  a  little  and  smoothed  by  means  of  an  agate 
pestle,  and  the  mass  is  dried  by  warming  gently.  On  this 
small  cupel  the  substance  is  heated  until  all  the  bismuth 
and  lead  is  oxidized  and  more  or  less  completely  absorbed 
by  the  bone-ash.  ,  The  silver,  or  the  alloy  if  gold  be  also 
present,  remains  behind  as  a  brilliant  metallic  bead 
[No.  48]. 

154.  Alloyed  with  coppei;  nickel,  and  other  oxidizable, 
non-volatile  metals,  silver  is  detected  by  treatment  with 
borax  or  microcosmic  salt  in  the  oxidizing  flame.  The 
silver  remains  behind,  whilst  the  other  metals  are  oxidized 
and  absorbed  by  the  flux.    If  the  amount  of  silver  be 
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small  in  comparison  with  that  of  the  other  metals,  the  fol- 
lowing method  for  the  detection  of  this  along  with  any 
gold  that  may  be  present,  is  recommended. 

155.  The  substance  [No.  82]  is  powdered  and  placed 
with  fused  and  powdered  borax  and  assay-lead  in  a  cylin- 
drical hole  in  charcoal.  To  one  part  of  the  assay  are 
added  one  part  borax-glass,  and  from  5  to  10  parts  assay- 
lead,  according  to  the  smaller  or  greater  amount  of  non- 
volatile metals  present.  A  powerful  reducing  flame  is 
applied  until  the  metal  unites  to  a  bead  and  the  slag  is 
freed  from  small  metallic  globules.  An  oxidizing  flame  is 
next  applied,  and  is  mainly  directed  on  to  the  metallic 
bead.  Sulphur,  arsenic,  antimony  and  other  volatile 
constituents  are  removed,  whilst  iron,  tin,  and  cobalt,  as 
well  as  some  copper  and  nickel,  are  oxidized  and  taken 
up  by  the  flux.  Silver,  gold,  and  the  greater  part  of  the 
copper  and  nickel  remain  with  the  lead  and  with  any 
bismuth  that  may  be  present.  As  soon  as  the  volatile 
constituents  are  all  removed,  the  lead  itself  begins  to 
oxidize,  the  bead  acquiring  a  rotatory  movement.  At 
this  point  the  mass  is  allowed  to  cool,  and  the  lead  bead 
is  separated  from  the  glass  by  tapping  with  a  hammer. 
The  bead  is  laid  on  a  cupel  and  again  heated  until 
rotation  re-commences.  When  copper  and  nickel  are 
present  in  large  quantities,  the  bead  becomes  covered 
with  a  thick  infusible  crust  of  oxide,  which  prevents  the 
desired  oxidation,  and  in  this  case  the  addition  of  a 
Httle  more  assay-lead  is  requisite.  The-  heating  is  now 
continued  until  all  the  lead,  copper,  nickel,  &c.,  is 
oxidized.  When  the  silver  is  small  in  amount,  this  point 
is  recognized  by  the  cessation  of  the  rotatory  motion;  with 
a  larger  amount  of  silver,  thin  films  having  all  the  colours 
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of  the  rainbow  coat  the  bead  just  before  the  end  of  the 
process,  and  after  a  few  seconds,  the  bead  assumes  the 
lustrous  appearance  of  pure  silver.  The  oxides  of  lead, 
copper,  &c.,  are  absorbed  by  the  bone-ash  and  pure  silver, 
or  an  alloy  of  silver  with  other  noble  metals,  remains 
behind.    Gold  is  sought  for  according  to  par.  127. 

Silver  chloride,  when  treated  on  charcoal  with  sodium 
carbonate,  is  reduced  to  metal. 

Sulphur.  For  the  reactions  of  sulphur  in  sulphides, 
see  pars.  11,  14,  and  21,  section  5.  In  examination  for 
sulphur,  a  coal-gas  flame  should  never  be  employed  on 
account  of  the  large  amount  of  sulphur  compounds  con- 
tained in  the  gas. 

156.  A  sensitive  as  well  as  readily  applicable  method 
for  the  detection  of  sulphur  in  any  of  its  compounds  con- 
sists in  heating  the  powdered  substance  with  pure  sodium 
carbonate,  or  preferably  (to  prevent  absorption  by  the 
charcoal),  with  sodium  carbonate  to  which  half  its  weight 
of  borax  has  been  added.  The  mixture  is  heated  to  fusion 
on  charcoal  in  the  reducing  flame.  The  fused  mass  is 
separated  from  the  charcoal,  brought  on  to  a  piece  of 
silver  foil  or  coin,  and  moistened  with  water.  If  sulphur 
be  present,  a  black  stain  of  silver  sulphide  is  produced 
on  the  metal.  Since  selenium  and  tellurium  afford  the 
same  reaction,  their  absence  must  be  assured. 

If  a  substance  containing  sulphur  is  heated  with  sodium 
carbonate  in  the  reducing  flame,  the  mass  next  moistened 
on  a  watch-glass  with  water,  and  then  a  little  sodium 
nitroprusside  added,  a  magnificent  purple-red  colour  is 
produced. 

A  dilute  solution  of  ammonium  molybdate  to  which  ex- 
cess of  hydrochloric  acid  has  been  added,  assumes  a 
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beautiful  blue  colour  on  the  addition  of  sulphuretted 
hydrogen,  or  a  soluble  sulphide. 

From  sulphides,  hydrochloric  or  sulphuric  acid  liberates 
sulphuretted  hydrogen,  which  is  easily  detected  by  its 
odour  and  by  its  blackening  a  slip  of  paper  which  has  been 
dipped  in  lead  acetate  solution. 

157.  To  distinguish  between  sulphides  and  sulphates, 
the  substance  under  examination  is  heated  in  the  oxidiz- 
ing flame,  when  only  sulphides  yield  the  odour  of  sulphur 
dioxide.  Another  method  is  as  follows  :  The  finely  pow- 
dered substance  [No.  75]  is  fused  with  caustic  potash  in 
a  platinum  spoon,  and  the  spoon  with  its  contents  is 
thrown  into  water  containing  a  strip  of  silver.  If  the 
silver  remains  quite  white,  the  sulphur  is  present  as  sul- 
phate ;  if  the  silver  becomes  black,  sulphur  is  present  as 
sulphide.  Substances  exercising  a  reducing  action  must 
of  course  not  be  present. 

Tellurium.  For  the  reactions  of  tellurium  and  its 
compounds,  see  pars.  11,  18,  37,  73,  and  No.  43  of  the 
table  at  the  end  of  the  book. 

158.  Lead  and  bismuth,  which  render  the  detection 
of  tellurium  difficult  on  charcoal,  may  be  taken  up  by 
fused  boric  acid  in  the  reducing  flame,  when  the  formation 
of  a  tellurium  incrustation  will  not  be  prevented. 

If  the  incrustation  disappears  under  the  reducing  flame, 
not  with  a  green,  but  with  a  bluish-green  flame-coloura- 
tion, selenium  is  also  present,  which  is  easily  recognized 
by  its  odour. 

A  powdered  tellurium  compound  heated  with  sodium 
carbonate  and  charcoal  powder  in  a  matrass,  and  treated 
when  cold  with  hot  water,  yields  a  purple-red  solution  of 
sodium  telluride. 
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When  tellurides  are  gently  warmed  with  sulphuric  acid, 
the  tellurium  is  dissolved  without  oxidation,  and  the 
solution  possesses  an  intense  carmine-red  colour.  Water 
reprecipitates  the  tellurium  as  a  blackish-grey  powder. 

Tin.  For  the  reactions  of  tin  and  its  compounds,  see 
pars.  12,  28,  61,  85,  and  No.  45  of  the  table  at  the 
end  of  the  book.  If  a  small  quantity  of  a  tin  compound 
be  added  to  a  borax  bead  coloured  blue  by  copper  oxide, 
and  the  reducing  flame  be  applied,  the  bead  becomes 
brown. 

159-  Substances  containing  tin  in  an  oxidized  state  are 
heated  on  charcoal  with  sodium  carbonate  and  borax  in 
the  reducing  flame.  Malleable  and  easily  fusible  beads 
of  metallic  tin  are  thus  obtained.  If  these  be  separated 
from  the  slag,  and  heated  in  the  oxidizing  flame,  they 
are  converted  into  white  oxide,  which  is  deposited  on  the 
charcoal  in  the  immediate  neighbourhood  of  the  assay. 
By  treatment  with  cobalt  solution  the  incrustation  becomes 
bluish-green.  When  occurring  together  with  zinc,  with 
which  its  reactions  are  very  similar,  tin  can  only  be 
detected  with  certainty  in  the  wet  way.  Sulphides  are 
roasted,  and  then  examined  as  above. 

160.  In  metallic  alloys  tin  is  easily  detected,  since  the 
bead  cannot  be  kept  bright  and  free  from  oxide  even  in 
the  strongest  reducing  flame. 

Alloys  of  copper  and  tin  (gun-metal,  bell-metal  and 
bronze),  are  examined  as  follows :  The  substance  is  fused 
with  a  flux  consisting  of  one  part  of  sodium  carbonate,  half 
a  part  of  borax,  and  one-third  part  of  silica  in  the  reducing 
flame,  until  the  metallic  bead  takes  up  a  rotatory  motion. 
The  oxidizing  flame  is  then  applied  mainly  to  the  glass, 
and  so  that  the  bead  may  be  in  contact  on  one  side  with 
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the  glass,  and  on  the  other  with  the  charcoal.  The  tin 
becomes  oxidized  and  is  absorbed  by  the  glass,  whilst 
the  copper  remains  behind.  The  latter  is  separated  from 
the  glass,  and  further  treated  with  microcosmic  salt, 
whilst  the  slag  is  pulverized  and  reduced  on  charcoal 
with  carbonate  of  soda  or  of  potash  [No.  49]. 

Titanium.  The  reactions  of  titanium  are  given  in 
pars.  65  and  88,  and  No.  46  of  the  table  at  the 
end  of  the  book. 

161.  If  titanic  acid  forms  the  main  constituent  of  a 
mineral,  it  can  easily  be  detected  by  its  reactions  with 
fluxes.  When  iron  is  present  at  the  same  time,  micro- 
cosmic  salt  in  the  oxidizing  flame  gives  the  iron  colour, 
and  in  the  reducing  flame  a  blood-red  bead,  which 
on  charcoal  with  tin  becomes  violet. 

Compounds  which  give  indefinite  results  with  fluxes 
are  treated  as  follows  :  The  substance  is  fused  with  six  to 
eight  times  its  weight  of  acid  potassium  sulphate  in  a 
platinum  spoon,  dissolved  in  cold  water,  filtered,  and, 
after  addition  of  a  drop  or  two  of  nitric  acid,  is  heated  to 
boiling.  A  white  precipitate  of  metatitanic  hydrate 
is  formed,  and  this  can  be  further  examined  with  micro- 
cosmic  salt  [No.  61]. 

If  titanic  oxide  be  fused  with  caustic  potash,  dissolved 
in  water,  and  the  solution  evaporated  after  addition  of  an 
excess  of  hydrochloric  acid  and  a  piece  of  tin  foil,  the 
liquid  becomes  violet  coloured,  and,  on  dilution  with 
water,  rose-red. 

Very  characteristic  of  titanium  are  the  crystals  produced 
by  titanic  oxide  in  fluxes.  According  to  G.  Rose,  a 
transparent  microcosmic  bead,  coloured  violet  in  the 
reducing  flame  from  the  presence  of  titanium,  becomes 
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quite  clear,  if  not  oversaturated,  when  held  in  the 
outer  flame  near  to  the  blue  point ;  whilst  at  the  point 
of  the  non-luminous  flame  it  becomes  opalescent,  and 
when  more  strongly  saturated,  it  becomes  snow-white 
and  opaque.  On  bringing  the  bead  to  the  point  of  the 
blue  flame,  it  becomes  clear  again,  and  in  the  inner  flame 
It  again  acquires  a  violet  colour.  The  hot  opalescent 
bead,  if  flattened  and  examined  under  a  magnifying 
power  of  140  diameters,  shows  well-formed,  lustrous,  trans- 
parent, quadratic  tables,  partly  collected  in  groups,  which 
are  seen  to  exhibit  double  refraction  under  polarized 
light,  and  may  be  considered  to  be  anatase.  According 
to  Knop,  however,  the  crystals  belong  to  the  rhombic 
system,  and  consist  of  titanium  phosphate. 

Titanic  oxide  gives  with  borax  on  charcoal  in  the 
reducing  flame  a  yellowish-brown  bead,  or  if  strongly 
saturated,  a  light-  to  dark-blue  bead.  From  this  dark-blue 
glass  crystals  of  rutile  separate  out,  without  destroying 
the  transparency  of  the  bead.  The  crystals  occur  as 
long  quadratic  prisms,  variously  terminated,  and  having 
their  lateral  edges  replaced  by  planes.  With  a  mixture 
of  borax  and  microcosmic  salt,  the  crystals  occur  in  very 
regular  forms. 

Tungsten.  The  reactions  of  tungsten  and  its  com- 
pounds are  given  in  pars.  65  and  87,  and  No.  47  of 
the  table  at  the  end  of  the  book. 

162.  Tungsten,  when  present  in  small  quantity,  is 
detected  as  follows  :  The  assay  is  fused  with  five  times  its 
weight  of  sodium  carbonate,  the  mass  extracted  with 
water,  and  the  tungstic  acid  precipitated  by  hydrochloric 
acid  in  the  form  of  a  white  powder.  The  precipitate  be- 
comes yellow  on  boiling,  and  is  insoluble  in  excess  of  the 
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acid  (distinction  from  molybdic  acid),  but  dissolves  in 
ammonia.  The  solution,  after  acidification,  gives  a  deep 
brown  colouration  with  potassium  ferrocyanide,  and  after 
some  time  a  precipitate  of  the  same  colour  separates;  with 
silver  nitrate  a  white,  and  with  stannous  chloride,  a  yellow 
precipitate  is  produced.  On  acidifying  with  hydrochloric 
acid  and  warming,  the  precipitate  becomes  of  a  beautiful 
blue  colour  which  is  very  characteristic. 

Uranium.  For  the  reactions  of  uranium  and  its  com- 
pounds, see  par.  92  and  No.  48  of  the  table  at  the  end  of 
the  book. 

163.  In  compounds  containing  no  other  colour-pro- 
ducing constituent,  the  metal  can  be  detected  by  its  reac- 
tion with  microcosmic  salt  as  well  as  by  the  reactions  re- 
ferred to  above.  Since  iro7i  and  uranium  behave  similarly 
towards  fluxes,  the  method  given  in  par.  136  must  be 
applied  to  distinguish  between  the  two. 

Along  with  coppej-  oxide,  uranium  (like  iron,  and  in 
similar  quantity)  produces  a  green  bead  in  the  oxidizing 
flame.  To  detect  the  uranium  in  such  a  case,  the  substance 
is  treated  with  sodium  carbonate,  borax  and  a  silver  bead 
on  charcoal  in  the  reducing  flame,  until  all  the  copper  is 
reduced  and  taken  up  by  the  silver.  The  slag  is  dis- 
solved in  nitric  acid,  the  solution  treated  with  ammonium 
carbonate,  and  examined  further  according  to  par.  136. 

Vanadium.  For  the  reactions  of  vanadium  and  its 
compounds,  see  pars.  65  and  90,  and  No.  49  of  the 
table  at  the  end  of  the  book. 

164.  On  fusing  vanadium  compounds  with  sodium  car- 
bonate and  potassium  nitrate  on  a  platinum  spiral,  ex- 
tracting with  water,  acidifying  with  acetic  acid,  and  adding 
silver  nitrate,  a  yellow  precipitate  is  obtained. 
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By  evaporating  the  fused  mass  with  aqua-regia,  a  yellow 
or  yellowish-brown  solution  results,  which  becomes  blue 
on  the  addition  of  stannous  chloride. 

If  the  solution  obtained  by  extracting  the  fused  mass  be 
acidified  and  well  shaken  with  hydrogen  peroxide,  it 
becomes  red,  and  retains  this  colour  on  the  addition  of 
ether,  the  latter  remaining  uncoloured. 

Zmc.  The  reactions  of  zinc  and  its  compounds  are 
given  in  pars.  12,  34,  60,  61  and  73,  and  No.  50  of  the 
table  at  the  end  of  the  book. 

165.  Substances  containing  zinc  in  an  oxidized  or 
sulphurized  condition  are  heated  alone  on  charcoal  in  the 
reducing  flame;  such  as  contain  other  metallic  oxides 
are  heated  with  a  mixture  of  two  parts  of  sodium  carbonate 
and  one  and  a  half  parts  of  borax.  The  incrustation  which 
forms  is  very  characteristic,  since  it  becomes  luminous 
when  strongly  heated,  is  yellow  when  hot,  and  white  on 
cooling,  is  non-volatile,  and  acquires  a  green  colour  when 
moistened  with  cobalt  solution  and  re-heated.  It  is  ad- 
visable to  previously  moisten  with  the  solution  the  char- 
coal about  where  the  incrustation  will  be  deposited. 

166.  Whilst  the  reaction  with  cobalt  solution  is  unpre- 
judiced by  the  presence  of  lead  and  bismuth,  it  is  inappli- 
cable in  the  presence  of  tin  and  antimony,  since  they  give 
similar  reactions.  Sometimes  it  is  possible  to  expel  anti- 
mony with  the  oxidizing  flame ;  in  most  cases,  however, 
zinc  cannot  be  detected  before  the  blowpipe  in  the  pre- 
sence of  the  two  last-named  metals. 
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CHAPTER  IV. 

SYSTEMATIC  EXAMINATION  OF  COMPOUND 
INORGANIC  SUBSTANCES. 

167.  Although  it  is  not  difficult  to  detect  the 
constituents  of  a  substance,  after  a  Httle  practice  with 
the  blowpipe,  by  aid  of  the  reactions  described  in  the  two 
last  chapters,  still  it  is  advisable  in  many  cases  to  follow 
a  systematic  course  of  investigation.  Time  is  thus 
often  economized,  and  more  definite  and  satisfactory 
results  are  obtained. 

It  is  not  to  be  expected  that  the  several  constituents 
of  a  substance  can  be  detected  by  successive  decomposi- 
tions, as  is  the  case  in  the  wet  method  of  analysis. 
Exceptintheparting  of  volatile  andnon-volatile  substances, 
separations  cannot  easily  be  effected  in  the  dry  way.  A 
blowpipe  course  is  consequently  little  more  than  a 
methodical  series  of  single  tests.  Since  fresh  portions  of 
the  original  substance  are  being  frequently  taken,  only 
small  quantities  should  be  used  at  the  commencement. 

In  the  following  pages  two  different  methods  are  given, 
either  of  which  can  be  followed,  according  to  the  skill  of 
the  operator,  or  the  nature  of  the  object  under  examination. 

The  first  method  supplements  the  courses  already  given 
in  this  work,  and  presupposes  a  moderate  amount  of  ex- 
perience. It  is  applicable  to  all  kinds  of  substances,  and 
leads  at  the  same  time  to  the  essential  confirmatory  tests. 

Egleston's  method  is  somewhat  quicker,  especially  in 
the  case  of  metallic  compounds;  but  to  obtain  satisfactory 
results  with  it  greater  experience  is  required. 
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B.  THE  SUBSTANCE  IS  HEATED  IN  AN  OPEN  TUBE. 
(Reactions  given  under  A  are  not  repeated.) 

a.  Gaseous  substances  evolved  : 

Sulphur  dioxide ;  of  characteristic  odour :  sulphur  and 
sulphides. 

Selenium  dioxide  ;  smelling  of  rotten  horse-radish  :  selenium 
and  selenides. 

b.  Subliinate forined  : 

Arsenic  trioxide ;  white,  very  volatile  sublimate  deposited 
at  some  distance  from  the  assay;  arsenic  and  arsenides. 

Antimony  oxide  ;  white  fumes :  sublimate  partly  volatile  : 
antimony  and  its  compounds. 

Tellurium  dioxide ;  white  fumes  ;  sublimate  fusible  to  colour- 
less drops  :  tellurium  and  tellurides. 

Lead  sulphate  :     (  ^^^^t^'  ^'"•^^Ay  beneath  the  assay  : 

Bismuth  sulphate:)     sulphur  compounds  of  lead  and  bis- 
\    muth  respectively. 

C.    THE  SUBSTANCE  IS  HEATED  ON  CHARCOAL. 


a.  As  regards  Fusibility  : 
Fusible. 

Salts  of  the  alkalis  and  of 

some  of  the  alkaline  earths. 
Antimony,    lead,  cadmium, 

tellurium,  bismuth,  zinc,  tin 

(all  easily  fusible). 
Copper,  gold,  silver  (difficultly 

fusible). 


Infusible. 

Salts  of  the  earths  and  of  the 
alkaline  earths,  silica. 

Iron,  cobalt,  nickel,  man- 
ganese, molybdenum,  tung- 
sten, platinum,  palladium, 
iridium,  rhodium,  and  os- 
mium. 


b.  Detonation: 

Nitrates,  chlorates,  iodates,  and  bromates. 

c.  Intumescence  : 

Substances  yielding  water,  borates  and  alum. 

Flame-colou7'atioti,  Reduction,  and  Formation  of  incrusta- 
tions are  described  subsequently. 
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COMPLETE  EXAMINATION. 


EXAMINATION  FOR  BASES. 


I.  The  substance  is  treated  with  sodium  carbonate  on  char- 
coal in  the  reducing  flame  (with  metals  and  alloys  the 
carbonate  is  omitted). 

If  any  of  the  following  group  reactions  appear  alone,  the 
course  may  be  shortened,  as  follows  : 

a.  The  substance  gives  an  incrustation.  Begin  section  I., 
No.  I. 

b.  The  substance  gives  a  metallic  bead  without  incrusta- 
tion.   Begin  section  I.,  No.  10. 

c.  The  substance  leaves  a  grey  or  black  residue.  Begin 
section  II.,  No.  13. 

d.  The  substance  colours  the  flame,  especially  after  moist- 
ening with  HCl.    Begin  section  IV.,  No.  32. 

e.  The  substance  gives  a  white  luminous  residue.  Begin 
section  V.,  No.  43. 

/.  The  substance  volatilizes  completely.  Begin  section  VI 
No.  52.  ' 

1.  Incrustaiion,  white,  and  very  volatile,  disappearing  with 
light  blue  flame,  and  odour  of  garlic.  Arsenic. 

la.  Confirmation.  On  heating  with  potassium  cyanide  and  sodium 
carbonate  in  matrass,  an  arsenic  mirror  is  formed. 

2.  Incrustation,  reddish-brown,  with  coloured  tarnish 
havmg  resemblance  to  the  eyes  of  a  peacock  feather,  disap- 
peanng  without  flame-colouration  in  O.  or  R.  Fl.  Cadmium. 

2a.  Confirmation.  The  incrustation  scraped  off  and  heated  with 
sodmm  hyposulphite  in  a  tube  closed  at  one  end  becomes 
yellow,    bee  also  3(1. 

H 
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3.  Incrustation^  hot,  yellow,  cold,  white,  luminous,  and  is 
non-volatile  under  the  flame.  Zinc. 

3a,  Confirmation.  The  incrustation  heated  with  cobalt  nitrate 
solution  becomes  green.  When  Cd  and  Zn  occur  together, 
the  Cd  incrustation  appears  first,  and  afterwards  that  of 
the  Zn. 

4.  Incmstatiofi,  steel-grey,  disappearing  in  the  R.  Fl.  with 
blue  colouration  and  odour  of  rotten  horse-radish.  Selenium. 

4(7.  Confirmation.    See  5(7. 

5.  Bicncstation,  white,  with  dark  yellow  to  red  border, 
disappearing  in  the  R.  Fl.  with  green  colouration.  Tellurium. 

5«.  Confirmation.  If  Se  and  Te  occur  together,  a  white  incrusta- 
tion is  produced  which  colours  the  R.  Fl.  bluish-green,  and 
gives  off  an  odour  of  rotten  horse-radish.  To  distinguish 
these,  a  metallic  film  is  produced,  and  this  is  moistened  with 
concentrated  H0SO4,  and  getiily  warmed.  Te  dissolves 
immediately  with  a  carmine-red  colour,  whilst  the  dirty-green 
colour  of  Se  appears  after  heating  more  strongly. 

6.  Incrustation,  bluish-white,  and  volatile,  disappearing 
under  O.  Fl.  and  R.  FL,  in  the  latter  case  with  green  coloura- 
tion.   Bead,  white,  brittle  and  oxidizable.  Antimony. 

6a.  Confirmation.  The  incrustation  scraped  off  and  treated  with 
HQ  and  Zn  on  platinum  foil  covers  the  latter  with  an 
adherent  black  film  of  antimony. 

7.  Incrustatio7i,  hot,  orange,  cold,  lemon-yellow,  disappear- 
ing under  O.  or  R.  Fl.  without  flame-colouration.  Bead, 
reddish-white,  brittle  and  oxidizable.  Bismuth. 

7  a.  Confirmatio7i.     On  charcoal,   with  potassium  iodide  and 

sulphur  in  the  O.  Fl.  gives  a  beautiful  red  incrustation  of 
bismuth  iodide. 

8.  Incrustation,  hot,  lemon-yellow,  cold,  sulphur-yellow, 
disappearing  in  O.  and  R.  FL,  colouring  the  latter  a  beautiful 
blue.    Bead,  white,  malleable  and  oxidizable.  Lead, 

8  a.  Confirmation.    Treat  the  substance  with  HNO3,  evaporate  off 

excess  of  acid,  add  a  little  H0SO4,  and  evaporate  until  white 
acid  vapours  appear.  A  white  powder  remains,  insoluble  in 
dilute  H2SO4. 

9.  Incrustation,  hot,  yellowish,  cold,  white,  small  in  quan- 
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tity,  deposited  close  to  the  assay  and  non-volatile.  Bead, 
white,  malleable  and  very  oxidizable.  Tin. 

9«.  Confirmation.  Dissolve  in  HCl,  and  precipitate  Sn,  as  a  grey- 
spongy  mass,  from  the  acid  solution  by  means  of  metallic  Zn. 
The  separated  Sn  does  not  adhere  to  Pt  (distinction  from 
Sb).  A  crystal  of  sodium  hyposulphite  thrown  into  the 
solution  (containing  HCl  and  Zn)  produces  a  precipitate  of 
brown  SnS. 

10.  Bead,  white,  msXi^^^^  and  very  brilliant.  _  In  strong 
O.  Fl.  a  reddish-brown  incrustation  is  formed,  which  becomes 
carmine-red  in  presence  of  Pb  and  Sb.  Silver. 

roa.  Confirmation.  When  dissolved  in  HNO3,  and  HCl  added,  a 
white  curdy  precipitate  of  AgCl  is  obtained. 

11.  Bead,  yellow,  very  brilliant,  malleable  and  non-oxidiz- 
able.  Gold. 

\\a.  Co7ifirmation.  Dissolve  in  aqua-regia,  and  obtain  a  pre- 
cipitate of  purple  of  Cassius  with  SnClj. 

1 2.  Red  metal,  ductile  and  oxidizable.  Copper. 
12a.  Confirmation.    See  Nos.  13  and  39. 


REMARKS. 

The  following  metals  are  obtained  in  the  form  of  grey, 
infusible  powder  :  iron,  nickel,  and  cobalt,  which  are  mag- 
netic, and  molybdenum,  tungsten,  and  the  metals  of  the 
platinum  group ;  the  platinum  metals  cannot  be  clearly 
mdividualized  by  blowpipe  reactions,  but  the  remainder  of 
the  above-named  metals  give  characteristic  reactions  with 
borax  (Section  II). 

Chromium  compounds  yield  a  yellow,  and  manganese 
compounds  a  green  mass  with  sodium  carbonate.  These 
are  detected  in  Section  II. 

Some  chlorides,  iodides,  bromides,  and  sulphides  yield 
white,  not  very  characteristic  incrustations,  without  giving  a 
metallic  bead  ;  these  incrustations  should  not  be  confounded 
with  those  given  above.  The  substances  which  yield  these 
incrustations  are  otherwise  detected  in  due  course. 

Evolution  of  sulphuretted  hydrogen,  recognized  by  its 
odour,  indicates  a  sulphate  or  sulphide. 
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microcosmic  salt : 


a.  The  bead  is,  cold,  blue  (0.  Fl.) ;  reduced  with  Sn^on 
charcoal,  red. 

/3.  The  bead  is,  cold,  yellow  (0.  Fl.).  Ni. 

7.  The  bead  is,  cold,  green  (0.  FL).  Cu  and  Ni. 

III.  The  substance  is  fused  with  acid  potassium  sulphate, 
and  a  strip  of  zinc  is  placed  in  the  solution  after  acidi- 
fication with  HCl.    (To  be  omitted  if  W,  V,  Ti,  and 

Nb  are  not  to  be  sought  for.) 

The  solution  becomes  coloured  as  follows  : 
26.  Blue,  then  green,  and  finally  dark-brown. 


Molybdic  acid. 


26ff.  Confirmation.  -Already  found  by  No.  19. 
27.  Blue,  then  copper-red. 


Tungstic  acid. 


27a.  Confirmation.    See  No.  23. 
28.  Blue,  then  green,  and  lastly  violet. 


Vanadic  acid. 


28  a.  Confirmation.  See  No.  22. 
29.  Green. 


Chromic  acid. 


29a.  Confirmation.  Already  found  by  No.  20. 
30.  Violet. 


Titanic  acid. 


30a.  Confirmation.    See  No.  24. 
31.  Blue;  strongly  acid  solution,  brown. 


Niobic  acid. 
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Examination  for  Acids: 

40.  Yellowish-green,  similar  to  the  Ba  flame.  Molybdic  acid. 

40a.  Confirmation.    Gave  with  borax  the  reaction  No.  19. 

Ai.  Yellowish-green  (the  salts  are  moistened  with  H2SO4). 

Phosphoric  acid. 

41a.  Confirmation.  On  heating  with  Mg  in  closed  tube,  and 
moistening  with  water,  PHg  is  evolved. 

42.  Beautiful  green  (the  salts  are  moistened  with  H2SO4). 

Boric  acid. 

42a.  Confirmation.  On  heating  with  CaFlj  and  HKSO4  in 
platinum  spoon,  an  intense  green  flame  of  boron  fluoride 
is  produced. 

REMARKS. 

Chlorides  and  nitrates  also  give  green  flashes;  but  the 
colouration  is  faint,  and  soon  disappears. 

The  flame  colours  of  the  elements  already  detected,  viz., 
As,  Sb,  Pb  (blue),  and  Zn  (greenish-white),  are  mostly 
obscured  by  the  application  of  concentrated  H2SO4. 

V.  The  substance  is  moistened  with  cobalt  solution,  and 
strongly  heated  on  charcoal. 

43.  Blue  infusible  mass.  Alumina. 

44.  Blue  infusible  mass.  Phosphates  of  the  earths. 

45.  Blue  infusible  mass.  Silicates  of  the  earths. 

43  a.  Confirmation.    No  flame  colouration  obtained  in  No.  41  ; 

and  no  silica-skeleton  with  microcosmic  salt. 
i^a.  Confirmation.     A  yellowish-green  flame-colouration  was 

obtained  in  No.  41. 
45a.  Confirmation.    With  microcosmic  salt  a  silica-skeleton  is 

obtained. 

46.  Blue  glass.  Alkaline  borates. 

47.  Blue  glass.  Alkaline  phosphates. 

48.  Blue  glass.  Alkaline  silicates. 

46  a.  Confirmation.    A  beautiful  green  flame-colouration  is  ob- 

tained in  No.  42. 

47  a.  Confirmation.  A  yellowish-green  flame-colouration  is  ob- 

tained in  No.  41. 
48a.  Confirmation.  With  microcosmic  salt  a  silica-skeleton  is 
obtained. 
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49-  Flesh-red  mass.  Magnesia. 

50.  Violet  mass.  ^.mc  Oxide. 

51.  Green  mass.       Oxides  of  Zinc,  Tin,  Antimony,  and 

Titanium.   (Already  found.) 

VI.  The  substance  is  heated  with  NagCOs  in  a  glass  tube 
closed  at  one  end. 

52.  Metallic  sublimate,  which  may  be  collected  into  beads. 

Mercury. 

52a  Covfirmaiion.     Heated  with  Na,SA  in  the  closed  tube, 
blaclc  MgS  IS  obtained. 

53.  Odour  of  NH3.  Ammonia. 
53(7.  Confirm.atio7t.    White  clouds  with  HCl. 


DETECTION  OF  ACIDS. 

VII.  The  substance  is  heated  with  HKSO4     a  tube  closed 

at  one  end. 

a.  A  coloured  gas  is  evolved.    No.  54. 

b.  A  colourless  but  odorous  gas  is  evolved.   No.  60. 

c.  A  colourless  and  inodorous  gas  is  evolved.   No.  68. 

d.  No  reaction  is  obtained.    VI IL,  No.  71. 

54.  Red  vapours  with  odour  of  nitrous  acid. 

Nitric  or  nitrous  acid. 

54a.  Confirmation.     A  strip  of  paper,  moistened  with  ferrous 
sulphate  solution,  placed  in  the  tube,  turns  brown. 
Nitrates   heated  with  powdered  potassium  cyanide  on 
platinum  foil  deflagrate  with  explosion. 

55.  Yellowish-green  gas,  with  odour  of  CI.      Chloric  acid. 

55  a.  Confirmation.    The  substance  detonates  on  charcoal. 

56.  Violet  vapours,  which  turn  starch-paste  blue.  Iodine. 

56  (z.  Confirmation.    Iodide  compounds  added  to  a  microcosmic 

bead  containing  copper  oxide  colour  the  flame  a  pure 
green. 

57.  The  preceding  reaction  obtained  on  adding  ferrous 
sulphate.  Iodic  acid. 

57  ff.  Confirmation,    The  substance  detonates  on  charcoal. 
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58.  Reddish-brown   vapours,   which    turn  starc^h-^paste 
yellow. 

cHa   ConHrmatiou.  Bromine  compounds  added  to  a  microcosmic 
58..  Confi^^^^lk^^^^  copper  oxide,  colour  the  flame  greenish- 
blue. 

59.  The  same  reaction.  Bromic  acid. 

59(7.  Confirmation.    The  substance  detonates  on  charcoal. 
60  Vapours  which  give  white  clouds  with  NH3,  and  have 
the  odour  of  Hydrochloric  acid. 

eoa.  Confirmation.  Chlorine  compounds  added  to  a  micro- 
cosmic  bead  containing  copper  oxide,  colour  the.  flame  an 
intense  blue. 

61.  Punsrent,  corrosive  gas,  which  attacks  glass. 

'  Hydrofluoric  acid. 

62.  Odour  of  sulphuretted  hydrogen.    Hydrosulphuric  acid. 

62  a.  Confirmation.  Sulphides  heated  in  an  open  tube  held 
obliquely  evolve  SO,,  known  by  its  odour,  and  its  action 
on  moist  blue  htmus  paper. 

63.  Odour  of  burning  sulphur,  without  separation  of 
sulphur.  Sulphurous  acid. 

64.  The  same  reaction,  with  separation  of  sulphur. 

Thiosulphuric  acid. 

65.  Pecuhar  pungent  odour,  brings  tears  into  the  eyes,  and 
renders  lime-water  turbid.  Cyanic  acid. 

66.  Acetic  odour.  Acetic  acid. 

67.  Odour  of  hydrocyanic  acid.  Hydrocyanic  acid. 

68.  The  gas  is  expelled  with  effervescence,  and  renders 
lime-water  turbid.  Carbonic  acid. 

69.  The  gas  bums  with  blue  flame.  Carbonic  oxide. 

70.  Carbonization  takes  place.  Organic  acids. 

VIII.  The  substance,  which  forms  a  sulphide  when  heated 
on  charcoal  with  NagCOs,  is  heated  with  caustic 
potash  in  a  platinum  spoon,  and  the  whole  is  thrown 
into  water  along  with  a  clean  silver  coin. 

71.  The  coin  does  not  become  brown.         Sulphuric  acid. 
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ixa.  Confirmation.     To  detect  sulphuric  acid  in  presence  of 

precipita^Sd'g  nTetrS'Ll?'  ^"'^  ''^^  ^"'P"^-^^ 
'"Sr'ed  SSffed.'^"'  ^  °f  >^'^^C0„. 

IX.  The  following  acids  have  been  already  found  : 
72.  Phosphoric  (No.  41),  Boric  (No.  42),  Silicic  (No. '45). 


II.  SYSTEMATIC  EXAMINATION  OF  COMPOUND 
SUBSTANCES. 

After  Egleston. 

The  substance  may  contain  As,  Sb,  S,  Se,  Fe,  Mn  Cu  Cn 

S-N^'H^^flc^^"'  '. 

The  substance  is  heated  on  charcoal  in  the  oxidizing  flame 
to  detect  volatile  constituents,  such  as  As,  Sb  S  Se  Ph 
Bi,  Cd,  &c.  (par.  25  et  seq.).  '     '    '     '  ^' 


Volatile 
constituents 
absent. 

Divide  into 
three  parts, 
and  go  to  A. 


Volatile  cojistittients  are  present. 

{i)  Produce  an  incrustation,  and  treat  this 
with  microcosmic  salt  and  Sn  for  Sb  (par  go) 
or  separate  Pb  and  Bi,  according  to  pars  q8 
and  109.  r  -y 

a.  Yellow  incrustation.    With  microcosmic 

salt,  black  bead,  disappearing  with  blue 
flame,  giving  in  no  part  a  green  Sb 
flame.  p^^  bj_ 

b.  Yellow  incrustation,  usually  with  white 

border.  With  microcosmic  salt,  black 
or  grey  bead,  disappearing  with  blue 
flame;  the  border  disappearing  with 
green  flame.  Pb^  sb. 

c.  Yellow  incrustation,  as  in  b,  but  no  blue 

flame.  Bi,  Sb. 

(2)  Odour  of  As,  S,  Se,  or  in  presence  of  Sb ; 
roast  a  larger  quantity  on  charcoal  until  the 
volatile  constituents  are  removed,  or  the  odour 
disappears;  divide  into  three  parts, and  go  to  A 
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A.  Treatment  of  the  First  Part. 
Dissolve  a  small  quantity  in  borax  on  platinum  wire  in  the 
O  Fl ,  and  note  the  colour.  When  several  oxides  are  present, 
successive  colours  often  appear  ;  .^^  ^jf  .^^^^^^ ^^^^^p^^™ 
bead  and  toss  it  off  into  a  porcelain  dish  (par.  40).  Prepa  e 
several  beads  in  this  way,  and  treat  them  on  charcoal  with 
Pb,  Ag,  or  Au  in  a  strong  R.  Fl.  (pars.  118  and  121)  If  the 
mass  spreads  over  the  charcoal,  continue  blowing  until  a  bead 

^^Th^^^etalHc  bead  is  removed  from  the  borax  whilst  hot, 
or  with  a  hammer  when  cold,  all  fragments  being  carefully 
preserved. 


The  metallic  bead  contains 
the  reduced  Ni,  Cu,  Ag,  Au, 
Sn,  Pb,  and  Bi  (Sn,  Pb,  and 
Bi  are  partially  volatilized). 

Treat  the  bead  on  charcoal 
in  the  0.  Fl.  until  all  the  Pb 
is  removed,  or  remove  the  Pb 
with  boric  acid  (par.  120).  Ni, 
Co,  Ag,  Au  remain  behind. 

Treat  the  residue  on  char- 
coal (O.  Fl.)  with  microcosmic 
salt,  and  remove  the  bead 
whilst  hot : 

A  green  bead  when  cold  indi- 
cates (par.  121)  Ni  and  Cu. 

„  yellow  „       „  Ni. 

„blue     „       „  Cu. 
The   Cu  bead  heated  on 

charcoal  (R.  Fl.)  with  Sn  be 

comes  red  (par.  119). 

The  presence  of  Ag  and  Au 

is  ascertained  by  special  exa 

mination. 


The  borax  retains  the  Fe, 
Mn,  Co,  &c. 

Dissolve  a  fragment  of  the 
bead  in  borax  on  the  platinum 
wire ;  a  blue  bead  resuUs.  Co. 

In  presence  of  much  iron 
add  more  borax  to  detect  the 
Co  (par.  117). 

Dark  violet  or  black  bead  m 
O.  Fl.  Mn. 

When  only  Fe  and  Mn  are 
present,  an  almost  colourless 
bead  (R.  Fl.)  results. 

Test  in  the  wet  way  (par. 
65)  for  Cr,  Ti,  Mo,  Nb,  W, 
V. 


B.  Treatment  of  the  Second  Part. 

Heat  on  charcoal  in  R.  Fl.  with  NaaCOg,  and  look  for 
indications  of  Zn,  Cd,  and  Sn.  If  a  white  incrustation 
results,  treat  with  cobalt  solution  (par.  60). 
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C.  Treatment  of  the  Third  Part. 
Dissolve  in  microcosmic  salt  on  platinum  wire  (0.  Fl.)  for 
S1O2,  and  test  for  Mn  with  KNO3  (par.  143). 


Special  Tests. 

1.  To  confirm  As  heat  on  charcoal  with  NagCOa,  or  in 
closed  tube  with  dry  NaoCOs  (par.  103  et  seq.). 

2.  Dissolve  in  microcosmic  salt  on  platinum  wire  in  the 
oxidizing  flame  (provided  the  assay  is  neither  a  metal  nor 
contains  S),  and  test  for  Sb  on  charcoal  with  Sn  in  R.  Fl. 
{par.  99). 

3.  Test  for  Se  on  charcoal  (par.  151). 

4.  In  absence  of  Se  fuse  with  Na^COg  (R.  FL),  and  test  for 
S  on  silver  foil  (par.  1 56).  If  Se  be  present,  test  for  S  in  an 
open  tube  (par  14).  To  distinguish  between  sulphides  and 
sulphates  see  par.  157. 

5.  Test  for  Hg  by  heating  in  closed  tube  with  dry  NajCOg 
(No.  32  of  the  table  at  the  end  of  the  book). 

6.  Fuse  with  assay-lead  and  borax-glass  on  charcoal  in 
R.  Fl.  Cupel  the  Pb  bead  for  Ag  (par.  155).  Test  for  Au 
by  means  of  HNO3  (par.  127). 

7.  Test  for  CI,  Br,  and  I  by  microcosmic  bead  containing 
Cu  (pars.  Ill,  113  and  128). 

8.  Test  for  CI  and  Br  with  HKSO4  (par.  62). 

9.  Test  for  water  in  closed  tube  (par.  9). 

10.  Apply  flame-colouration  tests  (par.  41). 

11.  Test  for  COg  with  HQ. 

12.  Test  for  HNO3  by  means  of  HKSO4  (par.  149). 

13.  Test  for  Te  according  to  par.  158. 
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IVWi  Cobalt  Solution, 
in  the  Ox.  Flame. 

Assumes    a  pale 
bluish-grey  colour. 

Assumes     a  dirty 
violet  colour. 

II 

s  - 

O  S 

Insoluble. 

Insoluble. 

Insoluble. 

Insoluble. 

IVith  Microcosmic  Salt 
on  Platinum  IVire. 

As  with  borax. 

Like  beryllia. 

As  with  borax. 

Dissolves  somewhat 
less  readily  than  in 
borax,  and  yields  more 
easily  an  opaque  glass. 

With  Borax  OK 
Platinuin  Wire. 

In     large  amount 
dissolves  to   a  clear 
glass,  which  becomes 
milk-white  on  flaming 
or  on  cooling  after  full 
saturation. 

Like  beryllia. 

Dissolves  somewhat 
slowly    to    a  clear 
glass,  which  becomes 
milk-white  on  flaming 
or  on  cooling  after  full 
saturation. 

Like  beryllia. 

Alone  on  Charcoal  and 
in  the  Force/is. 

Unaltered. 

Unaltered. 

Assumes  in  the  re- 
ducing flame  a  lighter 
colour,  and  becomes 
translucent. 

Infusible.  On  strong 
ignition  emits  an  ex- 
ceedingly dazzling 
light. 

yi 
X 

s- 

a. 
< 

10.  Beryllia. 

II.  Yttria. 

12.  Erbia. 
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INDEX. 

References  to  Oxides  and  Salts  are  included  under  the  ge?ieral 
heading  of  the  corresponding  metal. 


Acetates,  behaviour  of,  58 
Acetic  acid,  as  a  reagent,  63 ; 

evolution  of,  58 
Acid  potassium  sulphate,  as  a 

reagent,  1 1 ;  reactions  vifith,  56 
Alkaline  earths,  behaviour  of,  23, 

26 

Alkaline  salts,  behaviour  of,  23, 
26 

Alum,  behaviour  of,  26 
Aluminium,  behaviour  of,  38,  40, 

53.  54.  135 
Aluminium  plate,  as  a  support,  8; 

assay  on,  25 
Amalgams,  behaviour  of,  21,  24 
Ammonia,  evolution  of,  20;  as  a 

reagent,  63 
Ammonium  salts,  behaviour  of, 

20,  133;  special  examination 

for,  78 

Ammonium  sulphide,  as  a  re- 
agent, 63 

Antimony,  behaviour  of,  21,  24, 
26,  28,  39,  40,  43.. 55.. 56,  68, 
138;  special  examination  for, 

Antimony  sulphide,  behaviour  of, 
22 

Apparatus  and  reagents,  i 
Aqua-regia,  as  a  reagent,  63 
Arsenic  and  its  compounds,  be- 
haviour of,  21,  24,  26,  27,  32, 


43,  56,  68,  138 ;  special  ex- 
amination for,  80 
Arsenic  sulphides,  behaviour  of, 
22 

Asbestos  fibre,  as  a  support,  61 

Barium,  behaviour  of,  27,  38,  40, 

43.  45.  50,  53.  55.  i34 
Beryllium,  behaviour  of,  38,  40, 

53.  55.  136 
Bismuth,  behaviour  of,  23,  24, 

26,  29,  39,  41,. 56,  68,  139; 

special  examination  for,  82 
Bismuth  nitrate,  as  a  reagent,  63 
Blast,  the,  17 
Blowers,  mechanical,  3 
Blowpipe,  I  ;  Black's,  2;  stand, 

2;  gas,  7 
Blowpipe  analysis,  operations  of, 

14 

Blowpipe  apparatus,  Fletcher's,  3 ; 
self-acting,  5 

Blowpipe  flame,  5 

Blowpipe  lamp,  Berzelius',  6 

Blowpipe  reactions,  condensed 
view  of,  127;  Plattner's  tabular 
view  of,  133 

Borates.    See  Boric  Acid 

Borax,  as  a  reagent,  10 ;  ex- 
amination with,  35;  behaviour 
with  (table),  38 

Border-colours,  47 
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Boric  acid,  as  a  reagent,  ii 

Boric  acid  and  the  borates,  be- 
haviour of,  26,  27,  43,  48,  54; 
special  examination  for,  83 

Bromine,  as  a  reagent,  63;  evo- 
lution of,  20,  57 

Bromine  compounds,  behaviour 
of,  19,  20,  26,  57  ;  special  ex- 
amination for,  84 

Bunsen-lamp,  5 

Bunsen's  flame  reactions,  60 

Bunsen's  flame  examination, 
operations  of,  64 

Cadmium  alloys,  behaviour  of,  21 
Cadmium,  behaviour  of,  26,  33, 

39.  40,  56,  68,  139;  special 
examination  for,  85 

Ctesium,  behaviour  of,  44,  45 
Calcium,  behaviour  of,  27,  38, 

40,  43.  45.  51,  S3.  55,  135 
Carbon  dioxide,  evolution  of,  20, 

58 

Carbon  monoxide,  evolution  of, 
20,  58 

Carbonates,  behaviour  of,  20,  58 
Carbonization,  23 
Caustic  soda,  as  a  reagent,  62 
Cerium,  behaviour  of,  39,  41,  53, 
140 

Charcoal,  as  a  support,  7;  assay 
on,  25 

Charcoal  splinter,  as  a  support, 

62;  reduction  on,  65 
Charcoal  substitute,  8 
Chlorine  compounds,  behaviour 

of,  19,  20,  26,  48,  57;  special 

examination  for,  85 
Chlorine,  evolution  of,  20 
Chlorine  tetroxide,  evolution  of, 

57    .  . 

Chromic  acid,  behaviour  of,  58,59 

Chromium,  behaviour  of,  39,  41, 
53.. 56,  59-  74,  141;  special  ex- 
amination for,  85 
Cinnabar,  behaviour  of,  22 
Cobalt,  behaviour  of,  26,  28,  39, 


41.  56,  71,  14I;  special  exam- 
ination for,  86 

Cobalt  nitrate,  as  a  reagent,  12 

Cobalt  solution,  reactions  with,  53 

Colour,  change  of,  22 

Coloured  glasses,  9  ;  action  of, 
46 

Condensed  view  of  blowpipe  re- 
actions, 127 
Copper,  behaviour  of,  26,  27,  28, 
39,  41,  43,  51.  56,  72,  142; 
special  examination  for,  88 
Copper  chloride,  behaviour  of, 

27,  43,  51 
Copper  nitrate,  behaviour  of,  5 1 
Copper  oxide,  as  a  reagent,  12 
Course  of  examination,  syste- 
matic, 1 10;  Egleston's,  124 
Cyanic  acid,  evolution  of,  58 
Cyanogen  compounds,  behaviour 

of,  20,  58 
Cyanogen,  evolution  of,  20 

Decrepitation,  23,  26 
Deflagration,  26 

Didymium,  iDehaviour  of,  38,  40, 
142 

Earths,  behaviour  of,  23,  26 
Egleston's  course  of  examination, 
124 

Elements,  the,  flame  reactions 
of,  67 

Erbium,  behaviour  of,  136 
Examination  of  substances,  order 
of,  17 

Examples  for  practice,  vii. 

P'erricyanides,  behaviour  of,  58 

Ferrocyanides,  behaviour  of,  58 

Films  on  porcelain,  65 

Flame  colouration,  26;  examina- 
tion with  respect  to,  42 

Flame-colours,  47 

Flame,  oxidizing,  15;  reducing, 
15;  structure  of,  14,  60 

Flame  reactions,  60 


INDEX. 
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Plaming,  37 

Fletcher's  blowpipe  apparatus,  3 
Fluorine  compounds,  behaviour 
of,  20,  57;  special  examina- 
tion for,  89 
Fluorspar,  as  a  reagent,  1 1 
Formates,  behaviour  of,  20,  58 
Fusibility,  23,  26 

Galena,  behaviour  of,  23 
Gas,  evolution  of,  19,  57 
Glass  tube  closed  at  one  end, 

assay  in,  18 
Glass  tubes,  as  supports,  9,  62 
Glasses,  coloured,  9 ;  action  of, 

46 

Gold,  as  a  reagent,  13 

Gold,  behaviour  of,  26,  28,  31, 
56,  72,  143;  special  examina- 
tion for,  90 

Haloid  salts,  behaviour  of,  26 

Hutchings :  aluminium  plate  re- 
actions, 25 

Hydriodic  acid,  fuming,  as  a  re- 
agent, 62 

Hydrochloric  acid,  as  a  reagent, 
13;  behaviour  of,  48;  evolution 

57     .  . 

Hydrofluoric  acid,  evolution  of, 
20,  57 

Incrustation,  formation  of,  27 

Indigo  prism,  10 

Indium,  behaviour  of,  26,  31,  43, 
45.  68,  143 

Intumescence,  26 

Iodine  compounds,  behaviour  of, 
19,  20,  26,  57;  special  examina- 
tion for,  91 

Iodine,  evolution  of,  20,  57 

Iridium,  behaviour  of,  26,  28,  72, 
143 

Iron,  behaviour  of,  23,  26,  28, 
39.  41.  56,  70,  144;  special 
examination  for,  91 


Lanthanum,  behaviour  of,  38,  40, 
145 

Lead  acetate,  as  a  reagent,  63 

Lead,  as  a  reagent,  12  • 

Lead,  behaviour  of,  23,  26,  27, 
29.  39.  40,  43.  56.  68,  145; 
special  examination  for,  94 

Lithium,  behaviour  of,  27,  43, 
45,  50,  133  ;  special  examina- 
tion for,  95 

Magnesium,  behaviour  of,  38,  40, 

53.  55.  135  ,  ,  . 

Magnesium  arsenate,  behaviour 

of.  55 

Magnesium  phosphate,  behaviour 
of,  55 

Magnesium  wire,  as  a  reagent,  12 

Manganese,  behaviour  of,  39,  41, 
53.  56,  75.  146;  special  ex- 
amination for,  96 

Mantle-colours,  47 

Mechanical  blowers,  3 

Mercuric  cyanide,  as  a  reagent,  63 

Mercury,  behaviour  of,  21,  23, 
24,  56,  68,  146 ;  special  ex- 
amination for,  96 

Mercury  chlorides,  behaviour  of, 
21 

Merz  :  flame  colouration,  46 

Metal-reduction,  27 

Microcosmic  salt,  as  a  reagent,  10; 
examination  with,  35  ;  behav- 
iour with  (table),  40 

Minerals,  behaviour  of,  23,  26 

Molybdenum,  behaviour  of,  26, 
28,  34,  39,  41,  52,  56,  59,  73, 
147;  special  examination  for,97 

Molybdic  acid,  behaviour  of,  27, 
43,  48 

Nickel,  behaviour  of,  26,  28,  39, 
41,  56,  70,  "148 ;  special  ex- 
amination for,  97 

Niobium,  behaviour  of,  26,  38, 

41,  53,  55.  59.  74,  148 
Nitrates.    See  Nitric  Acid 
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Nitric  acid,  as  a  reagent,  13 
Nitric  acid  and  the  nitrates,  be- 
haviour of,  19,  20,  26,  43,  47, 
57;  special  examination  for,  98 
Nitrites.    See  Nitrous  Acid 
Nitrogen  tetroxide,  evolution  of, 
}9,  57 

Nitrous  acid  and  the  nitrites, 
behaviour  of,  20,  47,  57 

Odour,  26 

Open  glass  tube,  assay  in,  23 
Organic  acids,  behaviour  of,  58 
Organic  compounds,  nitrogenous, 

behaviour  of,  20 
Organic    substances,  behaviour 

of,  23 

Osmium,  behaviour  of,  21,  26, 
72,  149 

Oxalates,  behaviour  of,  20,  58 
Oxygen,  evolution  of,  19,  58 

Palladium,  behaviour  of,  26,  28, 

71,  .149 

Peroxides,  behaviour  of,  19 
Phosphates.      See  Phosphoric 
Acid 

Phosphorescence,  23 

Phosphoric  acid  and  the  phos- 
phates, behaviour  of,  27,  43, 
48,  54,  76 ;  special  examination 
for,  99 

Platinum,  as  a  support,  8,  61 
Platinum,  behaviour  of,  26,  28, 

56,  71.  149 
Plattner's  tabular  view  of  blow- 
pipe reactions,  133 
Polythionates,  behaviour  of,  57 
Potassium,  behaviour  of,  27,  44, 

45.  48,  133 
Potassium  chlorate,  as  a  reagent, 
II 

Potassium  cyanide,  as  a  reagent, 
II 

Potassium  ferrocyanide,  as  a  re- 
agent, 63 
Potassium  nitrate,  as  a  reagent,  1 1 


Potassium  oxalate,  as  a  reagent, 
II 

Potassium  sulphate,  acid,  as  a 
reagent,  1 1 ;  reactions  with,  56 
Prism,  indigo,  10 

Rhodium,  behaviour  of,  26,  28, 
72,  150 

Rubidium,  behaviour  of,  44,  45 
Ruthenium,  behaviour  of,  150 

Selenium  and  its  compounds, 
behaviour  of,  22,  24,  26,  27, 
33..  43.  53.  68 ;  special  ex- 
amination for,  99 

Silica,  as  a  reagent,  12 

Silica.    See  Silicon  Compounds. 

Silicates.    See  ,, 

Silicon  compounds,  behaviour  of, 
26,  38,  40,  52,  54,  76,  137; 
special  examination  for,  99 

Silver,  as  a  reagent,  13 

Silver,  behaviour  of,  26,  28,  30, 
38,  41,  56,  72,  150;  special 
examination  for,  100 

Silver  chloride,  as  a  reagent,  12 

Silver  nitrate,  as  a  reagent,  62 

Sodium,  behaviour  of,  43,  45,  49, 

.  133 

Sodium  carbonate,  as  a  reagent, 

II;  reactions  with,  52 
Sodium  hyposulphite,  as  a  re- 
agent, II;  reactions  with,  55 
Special  examination  for  certain 

elements  in  combination,  77 
Spectroscope,  44 
Spectrum  analysis,  44 
Spectrum  lines,  table  of,  45 
Stannous  chloride,  as  a  reagent,  62 
Strontium,  behaviour  of,  27,  38, 

40,  43,  45.  51.  S3.  55.  134 
Sublimate,  formation  of,  20 
Sulpharsenides,  behaviour  of,  21 
Sulphates.     See  Sulphur  Com- 
pounds 

Sulphites.  See  Sulphur  Com- 
pounds 
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Sulphur  and  its  compounds,  be- 
haviour of,  19,  21,  24,  26,  53, 
57,  58,  76;  special  examination 
for,  102 

Sulphur  dioxide,  evolution  of,  19, 
57 

Sulphuretted  hydrogen,  evolution 
of,  19,  58 

Sulphuric  acid,  as  a  reagent,  13 ; 
reactions  with,  56 

Supports,  flame,  7,  61 

Systematic  course  of  examina- 
tion, no;  Egleston's,  124 

Systematic  examination  of  com- 
pound inorganic  substances, 
109 

Tantalum,  behaviour  of,  26,  38, 

41,  53>  55.  74.  151 

Tellurium  and  its  compounds, 
behaviour  of,  21,  24,  26,  33, 
38,  40,  43,  53,  68,  151;  special 
examination  for,  103 

Test  papers,  13 

Thallium,  behaviour  of,  26,  31, 

43.  45.  56.  68,  152 
Thorium,  behaviour  of,  38,  40, 

53.  137 
Tin,  as  a  reagent,  12 
Tin,  behaviour  of,  23,  26,  30,  38, 

40,  55.  56,  73.  152;  special 

examination  for,  104' 


Titanium,  behaviour  of,  26,  38, 

41,  5?.  55.  59.  74,  I53;  special 
examination  for,  105 
Tungsten,  behaviour  of,  26,  28, 

39.  41,  5?.  59.  74.  IS4;  special 
examination  for,  106 

Uranium,  behaviour  of,  jg,  41, 
S3.  56.  75.  155 ;  special  ex- 
amination for,  107 

Vanadium,  behaviour  of,  39,  41, 
53.  59.  75.  155;  special  exami- 
nation for,  107 

Vapour,  evolution  of,  19 

Water,    evolution  of,   19 ;  me- 
chanically included,  19,  26 
Water  of  crystallization,  19 
Water  of  hydration,  19 

Yttrium,  behaviour  of,  38,  40, 
53,  136 

Zinc  and  hydrochloric  acid,  reac- 
tions with,  58 

Zinc,  as  a  reagent,  13 

Zinc,  behaviour  of,  23,  26,  32, 
39.  40,  55,  56,  68,  156;  special 
examination  for,  108 

Zirconium,  behaviour  of,  38,  40, 
53.  55,  136 
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MACMILLAN  AND  CO.'S  PUBLICATIONS. 


COAL:  ITS  HISTORY  AND  ITS  USES.  By  Professors  Green, 
MiALL,  Thorpe,  Rucker,  and  Marshall,  of  the  Yorkshire  College, 
Leeds.    With  Illustrations.    8vo.    I2s.  6d. 

FIRST  PRINCIPLES  OF  CHEMICAL  PHILOSOPHY.  By  Josiah 
P.  Cooke,  Jun.,  Ervine  Professor  of  Chemistry  and  Mineralogy  in 
Hai-vard  College.    Third  Edition,  revised  and  corrected.    Crown  8vo. 

I2S. 

A  SYSTEM  OF  VOLUMETRIC  ANALYSIS.  By  Dr.  E.  Fleischer. 
Translated  from  the  Second  German  Edition  by  M.  M.  Pattison  Muir, 
with  Notes  and  Additions.    Illustrated.    Crown  8vo.    7s.  6d. 

AN  ELEMENTARY  BOOK  ON  HEAT.  By  J.  E.  H.  Gordon,  B.A., 
Gonville  and  Caius  College,  Cambridge.    Crown  Svo.  2s. 

THE  FORCES  OF  NATURE  :  A  Popular  Introduction  to  the  Study 
of  Physical  Phenomena.  By  Amedee  Guillemin.  Translated  from 
the  French  by  Mrs.  Norman  Lockyer  ;  and  Edited,  with  Additions 
and  Notes,  by  J.  Norman  Lockyer,  F.R.S.  Illustrated  by  Coloured 
Plates,  and  455  Woodcuts.  Third  and  cheaper  Edition.  Royal  Svo. 
21s. 

THE  APPLICATIONS  OF  PHYSICAL  FORCES.  By  A.  Guille- 
min. Translated  from  the  French  by  Mrs.  Lockyer,  and  Edited 
with  Notes  and  Additions  by  J.  N.  Lockyer,  F.R.S.  ,With  Coloured 
Plates  and  numerous  Illustrations.  Imperial  Svo.  Cloth,  extra  gilt. 
36s. 

THE  OWENS  COLLEGE  JUNIOR  COURSE  OF  PRACTICAL 
CHEMISTRY.  By  Francis  Jones,  Chemical  Ma.ster  in  the 
Grammar  School,  Manchester.  With  Preface  by  Professor  RoscOE. 
New  Edition.    iSmo.    With  Illustrations.    2s.  6d. 

THE  SPECTROSCOPE  AND  ITS  APPLICATIONS.  By  J.  Nor- 
man Lockyer,  F.R.S.  With  Coloured  Plate  and  numerous  Illustra- 
tions.   Second  Edition.    Crown  Svo.    3s.  6d. 

PRACTICAL  CHEMISTRY  FOR  MEDICAL  STUDENTS. 
Specially  arranged  for  the  first  M.B.  Course.  By  M.  M.  Pattison 
Muir,  F.R.S. E.    Fcap.  Svo.    is.  6d. 

ELEMENTS  OF  PHYSICAL  MANIPULATION.  By  E.  C. 
Pickering,  Thayer  Professor  of  Physics  in  the  Massachusetts  Institute 
of  Technology.    Part  I.,  medium  Svo.    ids.  6d.    Part  II.,  los.  6d. 


MACMILLAN  AND  CO.'S  PUBLICATIONS. 


LESSONS  IN  ELEMENTARY  CHEMISTRY,  INORGANIC  AND 
ORGANIC.  By  Henry  E.  Roscoe,  F.R.S.,  Professor  of  Chemistry 
in  Owens  College,  Manchester.  With  numerous  Illustrations  and 
Chromolitho  of  the  Solar  Spectrum,  and  of  the  Alkalis  and  Alkaline 
Earths.    New  Edition.    Fcap.  8vo.    4s.  6d. 

CHEMICAL  PROBLEMS,  adapted  to  the  above  by  Professor  Thorpe. 
With  Key.  2s. 

PRIMER  OF  CHEMISTRY.  By  Henry  E.  Roscoe,  F.R.S. 
Illustrated.    i8mo.  is. 

A    TREATISE    ON    CHEMISTRY.     By   Professors   Roscoe  and 

SCHORLEMMER. 

Vol.  I.,  The  Non-Metallic  Elements.    With  numerous  Illustration^ 

and  Portrait  of  Dalton.    Medium  8vo.    2 is. 
Vol.  II.,  Metals.    Part  I.    With  Illustrations.    Svo.  i8s. 
Vol  II.,  Part  II.    Completing  Organic  Chemistry.    Just  ready. 

A  MANUAL  OF  THE  CHEMISTRY  OF  THE  CARBON  COM- 
POUNDS OR  ORGANIC  CHEMISTRY.  By  C.  Schorlemmer, 
F.R.S.,  Lecturer  in  Organic  Chemistry  in  Owens  College,  Manchester. 
Svo.  14s. 

AN  ELEMENTARY  TREATISE  ON  HEAT,  IN  RELATION  TO 
STEAM  AND  THE  STEAM  ENGINE.  By  G.  Shann,  M.A. 
With  Illustrations.    Crown  Svo.    4s.  6d. 

LESSONS  IN  ELEMENTARY  PHYSICS.  By  Balfour  Stewart, 
F.R.S.,  Professor  of  Natural  Philosophy  in  Owens  College,  Man- 
chester. With  numerous  Illustrations  and  Chromolithos  of  the  Spectra 
of  the  Sun,  Stars,  and  Nebulae.    New  Edition.    Fcap.  Svo.    4s.  6d. 

PRIMER  OF  PHYSICS.  By  Balfour  Stewart,  F.R.S.  With 
Illustrations.    New  Edition,  with  Questions.    iSmo.  is. 

LECTURES  ON  SOME  RECENT  ADVANCES  IN  PHYSICAL 
SCIENCE.  By  P.  G.  Tait,  M.A.,  Professor  of  Philosophy  in  the 
University  of  Edinburgh.  Second  Edition,  revised  and  enlarged,  with 
the  Lecture  on  Force  delivered  before  the  British  Association.  Crown 
Svo.  9s. 

METALS  AND  THEIR  CHIEF  INDUSTRIAL  APPLICATIONS. 

By  C.  Alder  Wright,  D.Sc,  &c.,  Lecturer  on  Chemistry  m  St. 

Mary's  Hospital  School.    Extra  fcap.    Svo.    3s.  6d. 
A  HISTORY  OF  CHEMICAL  THEORY,  from  the  Age  of  Lavoisier 

down  to  the  present  time.    By  Ad.  Wurtz.    Translated  by  Henry 

Watts,  F.R.S.    Crown  Svo.  6s. 


MACMILLAN  AND  CO.,  LONDON. 


May  1879. 


A  CATALOGUE 

OF 

EDUCATIONAL  BOOKS, 

PUBLISHED  BY 

MACMILLAN  AND  CO., 

BEDFORD  STREET,  STRAND,  LONDON. 


MACMILLAN'S  CLASSICAL  SERIES,  for  COLLEGES 
and  SCHOOLS,  being  select  portions  of  Greek  and  Latin 
authors,  edited,  with  Introductions  and  Notes  at  the  end,  by 
eminent  scholars.  The  series  is  designed  to  supply  first  rate 
text-books  for  the  higher  forms  of  Schools,  having  in  view 
also  the  needs  of  Candidates  for  public  examinations  at  the 
Universities  and  elsewhere.  With  this  object  the  editors 
have  endeavoured  to  make  the  books  as  complete  as  possible, 
passing  over  no  difficulties  in  the  text,  whether  of  construction 
or  of  allusion,  and  adding  such  information  on  points  of 
Grammar  and  Philology  as  will  lead  students  on  in  the 
paths  of  sound  scholarship.  Due  attention  moreover  is  paid 
to  the  different  authors,  in  their  relation  to  literature,  and  as 
throwing  light  upon  ancient  history,  with  the  view  of  en- 
couraging not  only  an  accurate  examination  of  the  letter,  but 
also  a  hberal  and  intelligent  study  of  the  spirit  of  the  masters 
of  Classical  Literature. 

The  books  are  clearly  printed  in  fcap.  8vo.,  and  uniformly 
bound  in  neat  red  cloth. 

The  following  voUimes  are  ready  : — 

JESCHYLUS-PERS.ffl.  Edited  by  A.  O.  PRICKARD,  M.A., 
FeUow  and  Tutor  of  New  College,  Oxford,  With  Map.  3^.  6d. 

CATULLUS— SELECT  POKMS.     Edited  by  F.  P.  SIMPSON, 

B.A.,  late  Scholar  of  Balliol  College,  Oxford.    4^.  6cl. 
50,000.5.79 
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CICERO— THE  SECOND  PHII.IPPIC  ORATION.  From 
the  German  of  Karl  Halm.  Edited,  with  Corrections  and 
Additions,  by  John  E.  B.  Mayor,  Professor  of  Latin  in  the 
University  of  Cambridge,  and  Fellow  and  Classical  Lecturer  at 
St.  John's  College.    New  edition,  revised. 

THE  CATILINE  ORATIONS.  From  the  German  of  Karl 
Halm.  Edited,  with  Additions,  by  A.  S.  Wilkins,  M.A., 
Professor  of  Latin  at  the  Owens  College,  Manchester.  Nevir 
edition,    y.  6d. 

THE  ACADEiaiCA.  Edited  by  jAMES  Reid,  M.A., 
Fellow  of  Caius  College,  Cambridge.    4^.  6d. 

DEMOSTHENES  —  THE    ORATION   ON   THE  CROWN, 

to  which  is  prefixed  ^SCHINES   AGAINST  CTESI- 

PHON.  Edited  by  B.  Drake,  M.A.,  late  FeUow  of  King's 
College,  Cambridge.  5^. 

[Sixth  and  thoroughly  revised  edition  in  May. 

HOMER'S  ODYSSEY— THE  NARRATIVE  OP  ODYS- 
SEUS, Books  IX.— XII.  Edited  by  John  E.  B.  Mayor, 
M.A.    Parti.    3^.  \To  be  completed  shortly, 

JUVENAL— SELECT  SATIRES.  Edited  by  JOHN  E.  B^ 
Mayor,  FeUow  of  St.  John's  College,  Cambridge,  and 
Professor  of  Latin.  Satires  X.  and  XI,  3^.  Satires  XII.— 
XVL    3^.  (>d. 

LIVY— HANNIBAL'S   FIRST   CAMPAIGN    IN  ITALY, 
Books  XXI.  and  XXII.    Edited  by  the  Rev.  W.  W. 
Capes,    Reader  in   Ancient  History  at  Oxford.    With  3 
"Maps.  Sx. 

SALLUST— CATILINE  and  JUGURTHA.  Edited  by  C. 
Merivale,  B.D.  New  edition,  careMly  revised  and  en- 
larged.   4*.  M.    Or  separately  %s.  6d.  each. 

TACITUS— AGRI  COLA  and  GERMANIA.    Edited  by  A.  J. 
Church,  M.A.  and  W.  J.  Brodribb,  M.A.    Translators  of 
Tacitus.    New  edition.    y.6d.    Or  separately  2J.  eacL 
THE  ANNALS,  Book  VI.    By  the  same  Editors.    2s.  6d. 
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TERENCE— HAUTON  TIMORUMENOS.  Edited  by  E.  S. 
Shuckburgh,  M.A.,  Assistant-Master  at  Eton  College.  3^. 
With  Translation,  4J.  6d, 

THUCYDIDES— THE  SICIIiIAN  EXPEDITION,  Books 
VI.  and  VII.  Edited  by  the  Rev.  Percival  Frost,  M.A., 
Late  Fellow  of  St.  John's  College,  Cambridge.  New  edition, 
revised  and  enlarged,  with  Map.  5^, 

XENOPHON— HELLENICA,  Books  I.  and  II.  Edited  by 
H.  Hailstone,  B.A.,  late  Scholar  of  Peterhouse,  Cambridge. 
With  Map.    4J.  6cl. 

TTie  following  are  in  preparation : — 
AESCHYLUS— SEPTEM  CONTRA  THEBAS.    Edited  by  A. 
O.  Prickard,  M.A.,  Fellow  and  Tutor  of  New  College, 
Oxford; 

CICERO-PRo:i.EGE  MANILlA.  Edited,  after  Halm,  by  Prof. 
A.  S.  WiLKiNS,  M.  A.  [In  the  press. 

CICERO— PRO  ROSCIO  AMEKINO.  From  the  Gennan  ot 
Karl  Halm.  Edited  by  E.  H.  Donkin,  M.A.,  late  Scholar 
of  Lmcoln  College,  Oxford,  Assistant  Master  at  Uppingham. 

DEMOSTHENES— FIRST  PHILIPPIC.  Edited  by  Rev. 
T.  GWATKIN,  M.A.,  late  FeUow  of  St.  John's  College, 
Cambridge. 

EURIPIDES— SELECT  PLAYS,  by  various  Editors. 

ALCESTIS.  Edited  by  J.  E.  C.  Welldon,  B.A.,  FeUow 
and  Lecturer  of  King's  College,  Cambridge. 

BACCHAE.  Edited  by  E.  S.  Shuckburgh,  M.A.,  Assistant- 
Master  at  Eton  College. 

HIPPOLYTUS.  Edited  by  Rev.  J.  P.  Mahaffy,  M.A., 
Fellow  and  Tutor  of  Trinity  CoUege,  Dublin, 

MEDEA.  Edited  by  A.  W.  Verrall,  M.A.,  FeUow  and 
Lecturer  of  Trinity  College,  Cambridge. 

PHCENISS^.  Edited  by  OsCAR  Wilde,  B.A.,  Magdalen 
College,  Oxford. 

HERODOTUS-THE  INVASION  OP  GREECE  BY  XERXES 
Books  VII.  and  VIII,  Edited  by  Thomas  Case,  M  A  " 
formerly  Fellow  of  Brasenose  College,  Oxford. 
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HOIVIER'S  ILIAD— THE  STORY  OP  ACHILLES.  Edited 
by  the  late  J.  H.  Pratt,  M.A.,  and  Walter  Leaf,  M.A., 
Fellows  of  Trinity  College,  Cambridge. 

HOMER'S  ODYSSEY-Books  XXI— XXIV.  Edited  by  S.  G. 
Hamilton,  B.A.,  Fellow  of  Hertford  College,  Oxford. 

LIVY— Books  XXIII.  and  XXIV.  Edited  by  Rev.  W.  W. 
Capes,  M.A. 

LYSIAS— SELECT  ORATIONS.  Edited  by  E.  S.  Shuck- 
BURGH,  M.A.,  Assistant-Master  at  Eton  College. 

MARTIAL— SELECT  EPIGRAMS.  Edited  by  Rev.  H.  M. 
Stephenson,  M.A,,  Head- Master  of  St.  Peter's  School, 
York. 

OVID— SELECT  EPISTLES.  Edited  by  E.  S.  Shuckburgh, 
M.A. 

OVID— PASTI.  Edited  by  G.  H.  Hallam,  M.A.,  Fellow  of 
St  John's  College,  Cambridge,  and  Assistant  Master  at 
Harrow. 

PLATO  — FOUR  DIALOGUES  ON  THE  TRIAL  AND 
DEATH  of  SOCRATES,  viz.,  EUTHYPHRO,  APO- 
LOGY, CRITO,  AND  PHiEDO.  Edited  byC.  W.  MoULE, 
M.A.,  FeUow  and  Tutor  of  Corpus  Christi  College,  Cambridge. 

PROPERTIUS — SELECT  POEMS.  Edited  by  J.  P.  PoST- 
GATE,  M.A.,  Fellow  of  Trinity  College,  Cambridge. 

TERENCE— PHORMIO.  Edited  by  Rev.  John  Bond,  M.A., 
late  Scholar  of  St.  John's  College,  Oxford,  and  A.  S.  Wal- 
POLE,  late  Scholar  of  Worcester  College,  Oxford. 

THUCYDIDES — Books  I.  and  II.  Edited  by  H.  Broadbent, 
M.A.,  Fellow  of  Exeter  College,  Oxford,  and  Assistant- 
Master  at  Eton  College. 

THUCYDIDES — Books  IV.  and  V.  Edited  by  Rev.  C. 
E.  Graves,  M.A.,  Classical  Lecturer,  and  late  Fellow  of 
St.  John's  College,  Cambridge. 

XENOPHON— MEMORABILIAf  Edited  by  A.  R.  Cluer,  B.A. 
BalUol  College,  Oxford. 


Other  volumes  will  follow. 
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CLASSICAL. 

ilESCHYI.US— EUMENIDES.  The  Greek  Text,  with 
Introduction,  English  Notes,  and  Verse  Translation.  By 
Bernard  Drake,  M.A.,  late  Fellow  of  King's  College, 
Cambridge.    Svo.    3^.  (>d, 

ARISTOTLE— ^A^  INTRODUCTION  TO  ARISTOTLE'S 
RHETORIC.  With  Analysis,  Notes  and  Appendices.  By 
E.  M.  Cope,  Fellow  and  Tutor  of  Trinity  College,  Cambridge, 
Svo.  14J. 

ARISTOTLE  ON  FALLACIES;  OR,  THE  SOPHISTICl 
ELENCHI.  With  Translation  and  Notes  by  E.  PosTE,  M,  A. 
Fellow  of  Oriel  College,  Oxford.    Svo.    Ss.  6d. 

ARISTOPHANES— rz^^  BIRDS.  Translated  into  English 
Verse,  with  Introduction,  Notes,  and  Appendices,  by  B.  H. 
Kennedy,  D.D.,  Regius  Professor  of  Greek  in  the  University 
of  Cambridge.  Crown  Svo.  6s.  Help-Notes  to  the  same, 
for  the  use  of  Students-,    is.  6d. 

SHORT  EXERCISES  IN  LATIN  PROSE 
COMPOSITION  AND  EXAMINATION  PAPERS  IN 
LATIN  GRAMMAR,  to  which  is  prefixed  a  Chapter  on 
Analysis  of  Sentences.  By  the  Rev.  H.  Belcher,  M.A., 
Assistant  Master  in  King's  CoUege  School,  London.  New 
Edition.    i8mo.    is.  6d.    Key,  is.  6d. 

ii9^5^  P  ^-^^  EXERCISES  IN  LA  TIN 

IDIOMS,  Qfc.    By  the  same  author.  [/«  May. 

Til^t^znai^— GREEK  AND  ENGLISH  DIALOGUES  FOR 
USE  IN  SCHOOLS  AND  COLLEGES.  By  John 
Stuart  Blackie,  Professor  of  Greek  in  the  University  of 
Edinburgh.    New  Edition.    Fcap.  Svo.    2s.  6d. 

CICERO- A  CADEMICA.  The  Text  revised  and  explained 
by  James  Reid,  M.A.,  Fellow  of  Caius  CoUege,  Cambridge 
New  Edition.    With  Translation.    Svo.  \_In  October. 

SELECT  LETTERS.-Ah^r   the   Edition    of  Albert 
Watson,  M.A.    Translated  by  G.  E.  Jeans,  M.A.,  Fellow 
of  Hertford  CoUege,  Oxford,  and  Assistant-Master  at  Hailey 
^'^'■y-  [InOcMer. 
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CliASSlCja.li  WBITERS.     Edited  by  J.  R.  Green,  M.A. 
Fcap.  8vo.    is.  6d.  each. 

A  Series'of  small  volumes^upon  some  of  the  principal  classical 
writers,  whose  works  form  subjects  of  study  in  our  Schools. 
The  main  object  of  the  Series  is  Educational,  care  being  taken 
to  impart  information  in  a  systematic  and  thorough  way, 
while  an  intelligent  interest  in  the  writers  and  their  works  is 
sought  to  be  aroused  by  a  clear  and  attractive  style  of 
treatment. 

CICERO.  By  Professor'A.  S.  Wilkins.  [/« preparation. 
DEMOSTHENES.  By  S.  H.  Butcher,  M.A.  [In  preparation. 
EURIPIDES.  By  Professor  J.  P.  Mahaffy.  [Ready. 
HORACE.    By  T.  H.  Ward,  M.A.  [In preparation. 

LIVY.    By  Rev.  W.  W.  Capes,  M.A.  [In  the  press. 

VERGIL.    By  Professor  H.  Nettleship.     [In  preparation. 
Others  to  follow. 

^WA.S— PRACTICAL  HINTS  ON  THE  QUANTITATIVE 
PRONUNCIATION  OF  LATIN,  for  the  use  of  Classical 
Teachers  and  Linguists.  By  A.  J.  Ellis,  B.A.,  F.R.S. 
Extra  fcap.  8vo.    4J.  6d. 

G^HHllS-THE  PROBLEM  OF  THE  HOMERIC  POEMS. 
By  W.  D.  Geddes,  Professor  of  Greek  in  the  University  of 
Aberdeen.    8vo.  141. 

GLADSTONE— Works  by  the  Rt.  Hon.  W.  E.  Gladstone,  M.P. 
JUVENTUS  MUNDI;  or,  Gods  and  Men  of  the  Heroic 
Age.    Second  Edition.    Crown  8vo.    loj.  td. 
THE  TIME  AND  PLACE  OF  HOMER.    Crovra  8vo. 
6j.  (>d. 

A  PRIMER  OF  HOMER.    i8mo.  if. 

GOODWIN— Works  by  W.  W.  GooDWtN,  Professor  of  Greek  in 
Harvard  University,  U.S.A. 

SYNTAX  OF  THE  MOODS  AND  TENSES  OF  THE 
GREEK  VERB.  New  Edition,  revised.  Crown  8vo. 
ds.  6d. 

AN  ELEMENTARY  GREEK  GRAMMAR.  New  Edition, 
revised.    Crown  8vo.  [In  preparation. 
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GREENWOOD— ELEMENTS  OF  GREEK  GRAM- 
MAR, including  Accidence,  Irregular  Verbs,  and  Principles  of 
Derivation  and  Composition  ;  adapted  to  the  System  of  Crude 
Forms.  By  J.  G.  Greenwood,  Principal  of  Owens  College, 
Manchester.    New  Edition.    Crown  8vo.    5^.  6d. 

HERODOTUS,  Books  1— 111.— THE  EMPIRES  OF  THE 
EAST.  Edited,  with  Notes  and  Introductions,  by  A.  H 
Sayce,  M.A.,  Fellow  and  Tutor  of  Queen's  College,  Oxford, 
and  Deputy-Professor  of  Comparative  Philology.  8vo. 

[In  preparation. 

SCENES  FROM  HERODOTUS.  Translated,  with  'Intro- 
duction,  by  Oscar  Wilde,  B.A.,  Magdalen  College,  Oxford. 
Crown  8vo.  [/«  preparatidn. 

HOUasON -MYTHOLOGY  FOR  LATIN  VERSIFICA- 
TION.  A  brief  Sketch  of  the  Fables  of  the  Ancients, 
prepared  to  be  rendered  into  Latin  Verse  for  Schools.  By 
F.  Hodgson,  B.D.,  late  Provost  of  Eton.  New  Edition, 
revised  by  F.  C,  Hodgson,  M.A.  i8mo. 

HOMER— r^y^  ODYSSEY.  Done  into  English  by  S.  H. 
Butcher,  M.A.,  Fellovir  of  University  College,  Oxford,  and 
Andrew  Lang,  M.A.,  late  Fellow  of  Merton  College,  Oxford, 
Crown  8vo.    \os.  6d. 

HOOXESZO  DICTIOIO'AKT.  For  Use  in  Schools  and  Colleges. 
Translated  from  the  German  of  Dr.  G.  Autenreith,  with 
Additions  and  Corrections  by  R,  P.  Keep,  Ph.D.  With 
numerous  Illustrations.    Crown  8vo.  €>s. 

HORACE-7W^  WORKS  OF  HORACE,  rendered  into 
Enghsh  Prose,  with  Introductions,  Running  Analysis,  and 
Notes,  by  J.  Lonsdale,  M.A.,  and  S.  Lee,  M.A.  Globe 
8vo.    3^.  6d. 

THE  ODES  OF  HORACE  IN  A  METRICAL  PARA- 
PHRASE.  By  R.  M.  Hovenden.  Extra  fcap.  8vo.  4;. 
HORACE'S  LIFE  AND  CHARACTER.    An  Epitome  of 
his  Satires  and  Epistles.    By  R.  M.  Hovenden.   Extra  fcap. 
8vo.    4f.  6d, 

WORD  FOR  WORD  FROM  HORACE.     The  Odes  lite- 
raUy  Versified.     By  W.  T.  Thornton,  C.B.     Crown  8vo 
7j.  6J. 
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SAORSOVl—FIJiST  STEPS  TO  GREEK  PROSE  COM- 
POSITION. By  jBLOMFiELD  Jackson,  M,A.  Assistant- 
Master  in  King's  College  School,  London.  New  Edition 
revised  and  enlarged.    i8mo,    \s.  6d. 

JACKSON—^  MANUAL  OF  GREEK  PHILOSOPHY.  By 
Henry  Jackson,  M.A.,  Fellow  and  Prselector  in  Ancient 
Philosophy,  Trinity  College,  Cambridge.         [/«  preparation. 

JEBB— Works  by  R.  C.  JEBB,  M.A.,  Professor  of  Greek  in  the 
University  of  Glasgow. 

THE  ATTIC  ORATORS  FROM  ANTIPHON  TO 
ISAEOS.    2  vols.  8vo.  25*. 

SELECTIONS  FROM  THE  A  TTIC  ORA  TORS  BEFORE 
DEMOSTHENES.  Edited,  with  English  Notes.  Being  a 
companion  volume  to  the  preceding  work.    8vo.    [/«  October. 

THE  CHARACTERS  OF  THEOPHRASTUS.  Translated 
from  a  revised  Text,  with  Introduction  and  Notes.  Extra  fcap. 
8vo.    6f.  bd. 

A  PRIMER  OF  GREEK  LITERATURE.    i8mo.  is. 

A  HISTORY  OF  GREEK  LITERATURE.    Crown  8vo. 

[In  preparation, 

JUVENAL—  THIR  TEEN  SA  TIRES  OF  JUVENAL.  With 
a  Commentary.  By  John  E.  B.  Mayor,  M.A.,  Kennedy 
Professor  of  Latin  at  Cambridge.  Vol.  I.  Second  Edition, 
enlarged.   Crown  8vo.   'Js.  6d.  Vol.  II.  Crown  8vo.  \os.  6d. 

^l^V-ElSiT— CLASS-BOOK  OF  ANCIENT  GEOGRAPHY, 
Translated  from  the  German  of  Dr.  Heinrich  Kiepert. 

[In  preparation, 

j^YNILBTON— GREEK  IAMBICS  FOR  SCHOOLS.  By  Rev. 
H.  Kynaston,  M.A.,  Principal  of  Cheltenham  College. 

[/«  preparation, 

LIVY,  Books  XXI.— XXV.  Translated  by  A.  J.  Church, 
M.A.,  and  W.  J.  Brodribb,  M.A.  [In preparation. 

LLOYD- AGE  OF  PERICLES.  A  History  of  the 
Politics  and  Arts  of  Greece  from  the  Persian  to  the  Pelopon- 
ncsianWar.  By  William  Watkiss  Lloyd.  2  vols.  8vo.  2U. 
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K.ACT!a.ll.l^lS—FJIiST  LATIN  GRAMMAR.  By  M.  C. 
Macmillan,  M.A.,  late  Scholar  of  Christ's  College,  Cambridge, 
Assistant  Master  in  St.  Paul's  School.    l8mo.  [/« preparation. 

MAHAFFY — Works  by  J.  P.  MAHAFFY,  M,A.,  Professor  of 
Ancient  History  in  Trinity  College,  Dublin. 
SOCIAL  LIFE  IN  GREECE;  from  Homer  to  Menander. 
Third  Edition,  revised  and  enlarged.    Crown  8vo.  gj. 

RAMBLES  AND  STUDIES  IN  GREECE.  With 
Illustrations.  Second  Edition.  With  Map.  Crown  Svo. 
\Qs.  6d. 

A  PRIMER  OF  GREEK  ANTIQUITIES.  With  Illus- 
trations.   i8mo.  IS. 

EURIPIDES.   i8mo.    \s.  6d. 

BIARSHALI.  —  ^  TABLE  OF  IRREGULAR  GREEK 
VERBS,  classified  according  to  the  an-angement  of  Curtius' 
Greek  Grammar.  By  J,  M.  Marshall,  M.A.,  one  of  the 
Masters  in  CUfton  College.    Svo.  cloth.    New  Edition,  ijr. 

MAYOR  (JOHN  E.  ^.)— FIRST  GREEK  READER.  Edited 
after  Karl  Halm,  with  Corrections  and  large  Additions  by 
Professor  John  E.  B.  Mayor,  M.A.,  Fellow  and  Classical 
Lecturer  of  St.  John's  College,  Cambridge.  New  Edition, 
revised.    Fcap.  Svo.    4j-.  6d. 

BIBLIOGRAPHICAL  CLUE  TO  LATIN  LITERA- 
TURE.  Edited  after  Hubnee,  with  large  Additions  by 
Professor  John  E.  B.  Mayor.    Crovra  Svo.    6j.  (id. 

MAYOR  (JOSEPH  •&.)— GREEK  FOR  BEGINNERS.  By 
the  Rev.  J.  B.  Mayor,  M.A.,  Professor  of  Classical  Literature 
in  King's  College,  London.  Part  I.,  vidth  Vocabulary,  is.  6d. 
Parts  II.  and  III.,  with  Vocabulary  and  Index,  3j.  6d.  com- 
plete  in  one  Vol.    New  Edition,    Fcap.  Svo.  cloth.    4J.  6d. 

NIXON-PARALLEL  EXTRACTS  arranged  for  translation 
mto  English  and  Latin,  with  Notes  on  Idioms.    By  J.  E 
Nixon,  M.A.,  Classical  Lecturer,  King's  College,  London'. 
Part  I.— Historical  and  Epistolaiy.     New  Edition,  revised 
and  enlarged.    Crown  Svo.    3^.  6d. 
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NIXON  Continued— 

A  FEW  NOTES  ON  LATIN  RHETORIC.  With 
Tables  and  Illustrations.  By  J.  E.  Nixon,  M.A.  Crown 
8vo.  2s. 

PEILE  (JOHN,  t(L.A..)—AN  INTRODUCTION  TO  GREEK 
AND  LATIN  ETYMOLOGY.  By  John  Peile,  M.A., 
Fellow  and  Tutor  of  Christ's  College,  Cambridge,  formerly 
Teacher  of  Sanskrit  in  the  University  of  Cambridge.  Third 
and  Revised  Edition,    Crown  8vo.    los.  6d. 

A  PRIMER  OF  PHILOLOGY.  i8mo.  is.  By  the  same 
Author, 

VIKVAK—THE  EXTANT  ODES  OF  PINDAR.  Translated 
into  English,  with  an  Introduction  and  short  Notes,  by  Ernest 
Myers,  M,A,,  Fellow  of  Wadham  College,  Oxford.  Crown 
8vo.  Sj. 

VJmATO—THE  republic  op  PLATO.  Translated  into 
English,  with  an  Analysis  and  Notes,  by  J.  Ll,  Davies, 
M.A,,  and  D,  J,  Vaughan,  M.A,  New  Edition,  with 
Vignette  Portraits  of  Plato  and  Socrates,  engraved  by  JEKNS 
from  an  Antique  Gem.    i8mo.  4^. 

PHILEBUS.  Edited,  with  Introduction  and  Notes,  by 
Henry  Jackson,  M.A.,  Fellow  of  Trinity  College,  Cambridge. 
8vo.  [/« preparation. 

V1.A.J3TVS—THE  MOSTELLARIA  OF  PLAUTUS.  With 
Notes,  Prolegomena,  and  Excursus.  By  William  Ramsay, 
M.A.,  formerly  Professor  of  Humanity  in  the  University  of 
Glasgow.  Edited  by  Professor  George  G.  Ramsay,  M.A,, 
of  the  University  of  Glasgow.    8vo.  14J. 

POTTS  (A.  W.,  M.A.)— Works  by   ALEXANDER    W,  POTTS, 
M,A.,  LL.D.,  late  Fellow  of  St.  John's  College,  Cambridge; 
Head  Master  of  the  Fettes  College,  Edinburgh. 
HINTS  TOWARDS  LATIN  PROSE  COMPOSITION. 
New  Edition.    Extra  fcap.  8vo.  y. 

PASSAGES  FOR  TRANSLATION  INTO  LATIN 
PROSE.    Crown  8vo.  [/«  the  press. 
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ROBY— ^  GRAMMAR  OF  THE  LATIN  LANGUAGE,  from 
Plautus  to  Suetonius.  By  H.  J.  Roby,  M.A.,  kte  Fellow  of 
St.  John's  College,  Cambridge.  In  Two  Parts,  Third  Edition. 
Part  I.  containing  : — Book  I.  Sounds.  Book  II.  Inflexions. 
Book  III.  Word-formation.  Appendices.  Crown  8vo.  8j.  dd. 
Part  II. — Syntax,  Prepositions,  &c.   Crown  8vo.    los,  6d. 

"Marked  by  the  clear  and  practised  insight  o£  a  master  in  his  art. 
A  book  that  would  do  honour  to  any  country." — Athkn^um. 

SCHOOL  LA  TIN  GRAMMAR.    By  the  same  Author. 

[In  the  press. 

■SLVSH-SyNTHETIC  LATIN  DELECTUS.  A  First  Latin 
Construing  Book  arranged  on  the  Principles  of  Grammatical 
Analysis.  With  Notes  and  Vocabulary.  By  E.  Rush,  B.A. 
With  Preface  by  the  Rev.  W.  F.  MouLTON,  M.A.,  D.D. 
Extra  fcap.  8vo.  2s. 

KVST— FIRST STEFS  TO  LATIN  PROSE  COMPOSITION. 
By  the  Rev.  G.  Rust,  M.A.  of  Pembroke  College,  Oxford, 
Master  of  the  Lower  School,  King's  College,  London.  New 
Edition.    i8mo.    i^.  6d. 

KUTHBRFORD— ^  FIRST  GREEK  GRAMMAR.  ByW.G. 
Rutherford,  M.A.,  Assistant  Master  in  St.  Paul's  School, 
London.    Extra  fcap.  8vo.  is. 

SEELEY— PRIMER  OF  LATIN  LITERATURE.  By 
Prof.  J.  R.  Seelky.  [/« preparation. 

SHUCKBURGH— ^  LATIN  READER.  By  E.  S.  SHUCK- 
BURGH,  M.A.,  Assistant  Master  at  Eton  College, 

[/«  preparation. 

IKOXra^— COMPLETE  WORKS  TRANSLATED.  By  A.  J. 
Church,  M.A.,  and  W.  J.  Brodribb,  M.A. 

THE  HISTORY.  With  Notes  and  a  Map.  New  Edition. 
Crown  8vo.  6j. 

THE  ANNALS.  With  Notes  and  Maps,  New  Edition, 
Crown  8vo.    7^.  dd, 

THE  AGRICOLA  AND  GERMANY,  WITH  THE 
DIALOGUE  ON  ORATORY.  With  Maps  and  Notes. 
New  and  Revised  Edition.    Crown  Svo.    4^.  dd. 
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THEOPHRASTUS— 7-//^  CHARACTERS  OF  THEO- 
PHRASTUS.  An  English  Ti-anslation  from  a  Revised  Text. 
With  Introduction  and  Notes.  By  R.  C.  Jebb,  M.A.,  Pro- 
fessor of  Greek  In  the  University  of  Glasgow.  Extra  fcap.  8vo. 
6,r.  dd. 

THKING— Works  by  the  Rev.  E.  TURING,  M.A.,  Head 
Master  of  Uppingham  School. 

A  LATIN  GRADUAL.  A  First  Latin  Construing  Book 
for  Beginners.  New  Edition,  enlarged,  with  Coloured  Sentence 
Maps,    Fcap.  8vo.    2s.  6ci. 

A  MANUAL  OF  MOOD  CONSTRUCTIONS.  Fcap. 
8vo.    ij.  6d. 

A  CONSTRUING  BOOK.    Fcap  8vo.    2J.  td. 

VIRGIL— rzr^  WORKS  OF  VIRGIL  RENDERED  INTO 
ENGLISH  PROSE,  with  Notes,  Introductions,  Running 
Analysis,  and  an  Index,  by  James  Lonsdale,  M.A,,  and 
Samuel  Lee,  M.A.    >'ew  Edition.    Globe  8vo.    3^.  dd. 
gilt  edges,  4^.  6(/. 

WILKINS— ^  PRIMER  OF  ROMAN  ANTIQUITIES.  By 
A.  S.  WiLKlNS,  M.A.,  Professor  of  Latin  in  the  Owens 
College,  Manchester.    With  Illustrations.    i8mo.  is. 

WRIGHT— Works  by  J.  WRIGPIT,  M.A.,  late  Head  Master  of 
Sutton  Coldfield  School. 

HELLENICA;  OR,  A  HISTORY  OF  GREECE  IN 
GREEK,  as  related  by  Diodorus  and  Thucydides ;  being  a 
First  Greek  Reading  Book,  with  explanatory  Notes,  Critical 
and  Plistorical.  New  Edition  with  a  Vocabulary.  Fcap.  8vo. 
3J.  6d. 

A  HELP  TO  LATIN  GRAMMAR;  or.  The  Form  and 
Use  of  Words  in  Latin,  with  Progressive  Exercises.  Crovra 
8vo.    41.  6d. 

THE  SEVEN  KINGS  OF  ROME.  An  Easy  Narrative, 
abridged  from  the  First  Book  of  Livy  by  the  omission  of 
Difficult  Passages;  being  a  First  Latin  Reading  Book,  with 
Grammatical  Notes.    With  Vocabulary,  3^.  6d. 

[New  and  thoroughly  revised  edition,  just  ready. 
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WRIGHT  Coniintted— 

FIRST  LATIN  STEPS;  OR,  AN  INTRODUCTION 
BY  A  SERIES  OF  EXAMPLES  TO  THE  STUDY 
OF  THE  LATIN  LANGUAGE.    Crown  8vo.  ^s. 

ATTIC  PRIMER.  Arranged  for  the  Use  of  Beginners. 
Extra  fcap.  8vo.    4^.  &d. 

A  COMPLETE  LATIN  COURSE,  comprising  Rules  with 
Examples,  Exercises,  both  Latin  and  English,  on  each  Rule, 
and  Vocabularies.    Crown  8vo,  4^. 


MATHE  M  ATICS. 

AIRY— Works  by  Sir  G.  B,  AIRY,  K.C.B.,  Astronomer 
Royal : — 

ELEMENTARY  TREATISE  ON  PARTIAL  DIE- 
FERENTIAL  EQUATIONS.  Designed  for  the  Use  of 
Students  in  the  Universities.  With  Diagrams.  Second  Edition. 
Crown  8vo.    5^.  6d. 

ON  THE  ALGEBRAICAL  AND  NUMERICAL 
THEORY  OF  ERRORS  OF  OBSERVATIONS  AND 
THE  COMBINATION  OF  OBSERVATIONS.  Second 
Edition,  revised.    Crown  8vo.    6j.  6</. 

UNDULATORY  THEORY  OF  OPTICS.  Designed  for 
the  Use  of  Students  in  the  University.  New  Edition.  Crown 
8vo.    6s.  6d. 

ON  SOUND  AND  ATMOSPHERIC  VIBRATIONS. 
With  the  Mathematical  Elements  of  Music.  Designed  for  the 
Use  of  Students  m  the  University.  Second  Edition,  Revised 
and  Enlarged.    Crown  8vo.  gs. 

A  TREATISE  OF  MAGNETISM.  Designed  for  the  Use 
of  Students  in  the  University.    Crown  8vo.    gs.  6d. 

AIRY  (OSMUND)— TREATISE  ON  GEOMETRICAL 
OPTICS.  Adapted  for  the  use  of  the  Higher  Classes  in 
Schools.  By  Osmund  Airy,  B.A.,  one  of  the  Mathematical 
Masters  in  WeUington  College.    Extra  fcap,  8vo.    y.  6d. 
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BAYMA-rZT^  ELEMENTS  OF  MOLECULAR  MECHA- 
NICS. By  Joseph  Bayma,  S.J.,  Professor  of  PhUosophy, 
Stonyhurst  College.    Demy  8vo.    los.  6d. 

BEASLEY— yiiV  ELEMENTARY  TREATISE  ON  PLANE 
TRIGONOMETRY.  With  Examples.  ByR.  D.  Beasley, 
M.A.,  Head  Master  of  Grantham  Grammar  School.  Fifth 
Edition,  revised  and  enlarged.    Crown  8vo.    3^.  6d. 

BLACKBURN  (HUGH)  —  ELEMENTS  OF  PLANE 
TRIGONOMETRY,  for  the  use  of  the  Junior  Class  in 
Mathematics  n  the  University  of  Glasgow.  By  Hugh 
Blackburn,  M.A.,  Professor  of  Mathematics  in  the  Univer- 
sity  of  Glasgow.    Globe  8vo.    \s.  6d. 

BOOLE— Works  by  G.  BOOLE,  D.C.L.,  F.R.S.,  late  Professor 
of  Mathematics  in  the  Queen's  University,  Ireland, 
A    TREATISE   ON  DIFFERENTIAL  EQUATIONS. 
Third  and  Revised  Edition.  Edited  by  I.  Todhunter.  Crown 
8vo.  14J. 

A  TREATISE  ON  DIFFERENTIAL  EQUATIONS. 
Supplementary  Volume.  Edited  by  I.  Todhunter.  Crown 
8vo.    8j.  6d. 

THE  CALCULUS  OF  FINITE  DIFFERENCES. 
Crown  8vo.     10s.   6d.     New  Edition,   revised  by  J;  F. 

MOULTON. 

BROOK-SMITH  {3 .)— ARITHMETIC  JN  THEORY  AND 
PRACTICE.     By  J.   Brook-Smith,   M.A.,  LL.B.,  St. 

John's  College,  Cambridge ;  Barrister-at-Law ;  one  of  the 
Masters  of  Cheltenham  College.  New  Edition,  revised. 
Crown  8vo.    4^.  6d. 

CAMBRIDGE  SENATE-HOUSE  PROBIiEMS  and  RIDERS 
WITH  SOLUTIONS  s— 

x'&'ji,— PROBLEMS  AND  RIDERS.  By  A,  G.  Greenhill, 
M.A.    Crown  8vo.    Zs.  6d. 

1878— SOLUTIONS  OF  SENATE-HOUSE  PROBLEMS. 
By  the  Mathematical  Moderators  and  Examiners.  Edited  by 
J.  W.  L.  Glaisher,  M.A.,  Fellow  of  Trinity  College, 
Cambridge.  I2s. 
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CANDLER— iKSZi'  TO  ARITHMETIC.  Designed  for  the 
use  of  Schools.  By  H.  Candler,  M.A.,  Mathematical 
Master  of  Uppingham  School.    Extra  fcap.  8vo.    2s.  6d. 

CHEYNE— ^iV  ELEMENTARY  TREATISE  ON  THE 
PLANETARY  THEORY.  By  C.  H.  H.  Cheyne,  M.A., 
F.R.A.S.  With  a  Collection  of  Problems.  Second  Edition. 
Crown  8vo.    6^.  (>d. 

CHRISTIE—^  COLLECTION  OF  ELEMENTARY  TEST- 
QUESTIONS  IN  PURE  AND  MIXED  MATHE- 
MATICS; with  Answers  and  Appendices  on  Synthetic 
Division,  and  on  the  Solution  of  Numerical  Equations  by 
Homer's  Method.  By  James  R.  Christie,  F.R.S.,  Royal 
MiUtary  Academy,  Woolwich.    Crown  8vo.    %s.  6d. 

CLIFFORD— r^"^  ELEMENTS  OF  DYNAMIC.  An  In. 
troduction  to  the  Study  of  Motion  and  Rest  in  Solid  and  Fluid 
Bodies.  By  W.  K.  Clifford,  F.R.S.,  Professor  of  Applied 
Mathematics  and  Mechanics  at  University  College,  London. 
Part  I.— KINETIC.    Crown  8vo.    ^s.  6d. 

CVVlWilNG—AN  INTRODUCTION  TO  THE  THEORl 
OF  ELECTRICITY.  By  Linn^us  Cumming,  M.A., 
one  of  the  Masters  of  Rugby  School.  With  Illustrations. 
Crown  8v0.    Sj.  6d. 

CVTHB-EUTSOS— EUCLIDIAN  GEOMETR  Y.  By  Francis 
CuTHBERTSON,  M.A.,  LL.D.,  Head  Mathematical  Master  of 
the  City  of  London  School.    Extra  fcap.  8vo.    4r.  6d. 

DALTON— Works  by  the  Rev.  T.  DALTON,  M.A.,  Assistant 
Master  of  Eton  College. 

RULES  AND  EXAMPLES  IN  ARITHMETIC.  New 
Edition.    i8mo.    zs,  6d. 

[Answers  to  the  Examples  are  appended. 


RULES  AND  EXAMPLES  IN  ALGEBRA.  Part  I. 
New  Edition.    i8mo.    2s.    Part  II.    i8mo.    2J.  6rf. 
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nKV— PROPERTIES  OF  CONIC  SECTIONS  PROVED 
GEOMETRICALLY.  Part  L,  THE  ELLIPSE,  with 
Problems.     By  the  Rev.  H.  G.  Day,  M.A.     Crown  8vo. 

nODGSOS— EUCLID  AND  HIS  MODERN  RIVALS.  By 
the  Rev.  C]  L.  Dodgson,  M.A.,  Mathematical  Lecturer, 
Christ  Church,  Oxford,    Crown  8vo.    ^s.  6d. 

nn'EW— GEOMETRICAL  TREATISE  ON  CONIC  SEC- 
TIONS. By  W.  H.  Drew,  M.A.,  St.  John's  College, 
Cambridge.    New  Edition,  enlarged.    Crown  8vo.  ^s. 

SOLUTIONS  TO  THE  PROBLEMS  IN  DREWS 
CONIC  SECTIONS.    Crown  Svo.  6d. 

EDGAR  (J.  H.)  and  PRITCHARD  (G.  H.)— NOTE-BOOK 
ON  PRACTICAL  SOLID  OR  DESCRIPTIVE  GEO- 
METRY. Containing  Problems  with  help  for  Solutions.  By 
J.  H.  Edgar,  M.A.,  Lecturer  on  Mechanical  Drawing  at  the 
Royal  School  of  Mines,  and  G.  S.  Pritchard.  New  Edition, 
revised  and  enlarged.    Globe  Svo.  3^. 

FERRERS— Works  by  the  Rev.  N.  M.  FERRERS,  M.A.,  Fellow 
and  Tutor  of  Gonville  and  Caius  College,  Cambridge. 

AN  ELEMENTARY  TREATISE  ON  TRl LINEAR 
CO-ORDINATES,  the  Method  of  Reciprocal  Polars,  and 
the  Theory  of  Projectors.  New  Edition,  revised.  Crown  Svo. 
6y.  6d. 

AN  ELEMENTARY  TREATISE  ON  SPHERICAL 
HARMONICS,  AND  SUBJECTS  CONNECTED  WITH 
THEM.    Crown  Svo.    Is.  6d. 

FROST— Works  by  PERCIVAL  FROST,  M.A.,  formerly  FeUow 
of  St.  John's  College,  Cambridge ;  Mathematical  Lecturer  of 
King's  College. 

AN  ELEMENTARY  TREATISE  ON  CURVE  TRA- 
CING.   By  Pbrcival  Frost,  M.A.   Svo.  12s. 

SOLID  GEOMETRY.  A  New  Edition,  revLsed  and  enlarged 
of  the  Treatise  by  Frost  and  Wolstbnholmk.  In  2  Vols. 
Vol..  I.    Svo.  i6j. 
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SODPRAY— Works  by  HUGH  GODFRAY,  M.A.,  Mathematical 
Lecturer  at  Pembroke  College,  Cambridge. 

A  TREATISE  ON  ASTRONOMY,  for  the  Use  of  Colleges 

and  Schools.    New  Edition,    8vo.    12s.  6d. 

AN  ELEMENTARY  TREATISE  ON  THE  LUNAR 
■•'.J    THEORY,  with  a  Brief  Sketch  of  the  Problem  up  to  the  time 
.  T    of  Newton.    Second  Edition,  revised.    Crown  8vo.    5^.  6a'. 
•i.r'J  . 

n-BTHl-KLlJua— AN  ELEMENTARY  TREATISE  ON  THE 
DIFFERENTIAL  AND  INTEGRAL  CALCULUS,  for 
the  Use  of  Colleges  and  Schools.  By  G.  W.  Hemming,  M.A., 
Fellow  of  St.  John's  College,  Cambridge.  Second  Edition, 
with  Corrections  and  Additions.    8vo.  gs. 

JACKSON  —  GEOMETRICAL   CONIC   SECTIONS.  An 
:  Elementary  Treatise  in  which  the  Conic  Sections  are  defined 
as  the  Plane  Sections  of  a  Cone,  and  treated  by  the  Method 
of  Projection.    By  J.  Stuart  Jackson,  M.  A.,  late  Fellow  of 
Gonville  and  Caius  College,  Cambridge.    Crown  8vo.   4J.  6d. 

JEI.LET  (JOHNH.)— ^  TREATISE  ON  THE  THEORY 
OF  FRICTION.  By  John  H.  Jellet,  B.  D.  ,  Senior  FeUow 
of  Trinity  College,  Dublin;  President  of  the  Royal  Irish 
Academy.    8vo.    Zs.  dd. 

JONES  and  C-R^-YVCB— ALGEBRAICAL  EXERCISES. 
Progressively  Arranged.  By  the  Rev.  C.  A.  Jones,  M.A.,  and 
C.  H.  Cheyne,  M.A.,  F.R.A.S.,  Mathematical  Masters  of 
Westminster  School.    New  Edition.    i8mo.    2s.  6a. 

KEI.I.AND  and  T AIT— INTRODUCTION  TO  QUATER. 
NIONS,  with  numerous  examples.  By  P.  Kelland,  M.A., 
F.R.S.  ;  and  P.  G.  Tait,  M.A.,  Professors  in  the  department 
of  Mathematics  in  the  University  of  Edmburgh.  Crown  8vo. 
Js,  6d. 

KITCHENER-^  GEOMETRICAL  NOTE-BOOK,  containing 
Easy  Problems  in  Geometrical  Drawing  preparatory  to  the 
Study  of  Geometry.  For  the  use  of  Schools.  By  F.  E. 
Kitchener,  M.A.,  Mafhematbical  Master  at  Rugby.  New 
Edition.    4to.  2.r. 
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VLhM-Wt— NATURAL  GEOMETRY :  an  Introduction  to  the 
Logical  Study  of  Mathematics.    For  Schools  and  Technical 
Classes.    With  Explanatory  Models,  based  upon  the  Tachy- 
metrical  Works  of  Ed.  Lagout.    By  A.  Mault.    i8mo.  \s. 
Models  to  Illustrate  the  above,  m  Box,  I2J.  (td. 

VlEB.-SX^MIi  —  ELEMENTS  OF  THE  METHOD  OF 
LEAST  SQUARES.  By  Mansfield  Merriman,  Ph.D. 
Professor  of  Civic  and  Mechanical  Engineering,  Lehigh  Uni- 
versity, Bethlehem,  Penn.    Crown  8vo.    ^s.  dd. 

VIXIA^-Bi- ELEMENTS  OF  DESCRIPTIVE  GEOMETRY. 
By  J.  B.  Millar,  C.E.,  Assistant  Lecturer  in  Engineering  in 
Owens  College,  Manchester.    Crown  8vo.  6j, 

MORGAN  —  ^  COLLECTION  OF  PROBLEMS  AND 
EXAMPLES  IN  MATHEMATICS.  With  Answers. 
By  H.  A.  Morgan,  M.A.,  Sadlerian  and  Mathematical 
Lecturer  of  Jesus  College,  Cambridge.    Crown  8vo.    6j.  bd, 

tiLXSlK— DETERMINANTS.    By  Thos.  Muir.    Crown  8vo. 

[In  preparation. 

NEWTON'S  PRINCIPIA.  Edited  by  Prof.  Sir  W.  Thomson 
and  Professor  Blackburn.    4to.  cloth.    31J.  6d. 

THE  FIRST  THREE  SECTIONS  OF  NEWTON'S 
PRINCIPIA,  With  Notes  and  Illustrations.  Also  a  col- 
lection of  Problems,  principally  intended  as  Examples  of 
Newton's  Methods.  By  Percival  Frost,  M.A,  Third 
Edition.    8vo.  lis. 

PARKINSON— Works  by  S.   PARKINSON,  D.D.,  F.R.S., 

Tutor  and  Prelector  of  St.  John's  College,  Cambridge. 
AN  ELEMENIARY  TREATISE  ON  MECHANICS. 
.  For  the  Use  of  the  Junior  Classes  at  the  University  and  the 
Higher  Classes  in  Schools.  With  a  Collection  of  Examples. 
New  Edition,  revised.  Crown  8vo.  cloth,  9^-.  (>d. 
A  TREA  TISE  ON  OPTICS.  New  Edition,  revised  and 
enlai^ed.    Crown  8vo.  cloth.  lOf. 

v-KQl.-E.r— EXERCISES  IN  ARITHMETIC.  By  S.  Pkdley. 

[/«  preparaihn 
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V^-BA-R— ELEMENTARY  HYDROSTATICS.  With  Nu- 
merous  Examples.  By  J.  B.  Phear,  M.A.,  Fellow  and  late 
Assistant  Tutor  of  Clare  College,  Cambridge.  New  Edition. 
Crown  8vo.  cloth,    ^s.  6d. 

Vl-RlVi— LESSONS  ON  RIGID  DYNAMICS.  By  the  Rev, 
G.  PiRiE,  M.A.,  late  Fellow  and  Tutor  of  Queen's  College, 
Cambridge ;  Professor  of  Mathematics  in  the  University  of 
Aberdeen.    Crown  8vo.  6s. 

VMC'&J.n -AN  ELEMENTARY  TREATISE  ON  CONIC 
SECTIONS  AND  ALGEBRAIC  GEOMETRY.  With 
Numerous  Examples  and  Hints  for  their  Solution ;  especially 
designed  for  the  Use  of  Begmners.  By  G.  H.  Puckle,  M.A. 
New  Edition,  revised  and  enlarged.    Crown  8vo.    Ts.  6d. 

RA-WJ.1NSON— ELEMENTARY  STATICS,  by  the  Rev. 
George  Rawlinson,  M.A.  Edited  by  the  Rev.  Edward 
Sturges,  M.A.    Crown  8vo,    4^.  6ci. 

RAYLEIGH— rZ^^  THEORY  OF  SOUND.  By  LORD 
Rayleigh,  M.A.,  F.R.S.,  formerly  Fellow  of  Trinity  CoUege, 
Cambridge.    8vo.    Vol.  I,    12s.  6d.    Vol.  II.    12s.  6d. 

[Vol.  III.  in  ike  press, 

R^-YNO-LDS— MODERN  METHODS  IN  ELEMENTARY 
GEOMETRY.  By  E.  M.  Reynolds,  M.A.,  Mathematical 
Master  in  Clifton  College,    Crown  8vo,    3X.  6d. 

ROUTH- Works  by  EDWARD  JOHN  ROUTH,  M.A.,F.R.S., 
late  FeUowand  Assistant  Tutor  of  St.  Peter's  CoUege,  Cam'- 
bndge  ;  Examiner  in  the  University  of  London. 

AN  ELEMENTARY  TREATISE  ON  THE  DYNAMICS 
OE  THE  SYSTEM  OF  RIGID  BODIES.  With  numerous 
Examples,    Third  and  enlarged  Edition.    8vo.  2U, 

STABILITY  OF  A   GIVEN  STATE   OF  MOTION 

PARTICULARLY  STEADY  M07 ION     Adams'  Priz^ 
Essay  for  1877.    8vo.    Zs.  6d. 

b  2 
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SMITH— Works  by  the  Rev.  BARNARD    SMITH,  M.A., 

Rector  of  Glaston,  Rutland,  late  Fellow  and  Senior  Bursar 
of  St.  Peter's  College,  Cambridge, 

ARITHMETIC  AND  ALGEBRA,  in  their  Principles  and 
Application ;  with  numerous  systematically  arranged  Examples 
taken  from  the  Cambridge  Examination  Papers,  with  especial 
reference  to  the  Ordinary  Examination  for  the  B.A.  Degree. 
New  Edition,  carefully  revised.    Crown  8vo.    loj.  ^d. 

ARITHMETIC  FOR  SCHOOLS.  New  Edition.  Crown 
8vo,    4J.  6d. 

A  KEY  TO  THE  ARITHMETIC  FOR  SCHOOLS. 
New  Edition.    Crown  8vo.    Sj.  6d. 

EXERCISES  IN  ARITHMETIC.  Crown  Svo.  Ump  cloth. 
2s.    With  Answers.    2s.  6a. 

Or  sold  separately,  Part  I.    is. ;  Part  II.    is.  ;  Answers,  6d. 

SCHOOL  class-book:  of  ARITHMETIC.  i8mo. 
cloth.    3  J, 

Or  sold  separately,  in  Three  Parts,    is.  each. 

KEYS  TO  SCHOOL  CLASS-BOOK  OF  ARITHMETIC. 
Parts  I.,  II,,  and  III.,  zs.  6d.  each, 

SHILLING  BOOK  OF  ARITHMETIC  FOR  NATIONAL 
AND  ELEMENTARY  SCHOOLS.  i8mo.  cloth.  Or 
separately,  Part  I.  2d.  ;  Part  II.  Z^-  5  Part  III.  ^d.  Answers. 
6d. 

THE  SAME,  with  Answers  complete.    i8mo,  cloth,    is.  6d. 

KEY  TO  SHILLING  BOOK  OF  ARITHMETIC. 
i8mo,    4J,  6d. 

EXAMINATION  PAPERS  IN  ARITHMETIC.  i8mo. 
is.  6d.  The  same,  with  Answers,  i8mo,  2s.    Answers,  6d. 

KEY  TO  EXAMINATION  PAPERS  IN  ARITH- 
METIC.    l8mo,    4^.  6d. 
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SMITH  Continuid— 

THE  METRIC  SYSTEM  OF  ARITHMETIC,  ITS 
PRINCIPLES  AND  APPLICATIONS,  with  numerous 
Examples,  written  expressly  for  Standard  V.  in  National 
Schools.    New  Edition.    i8mo.  cloth,  sewed,  ^d. 

A  CHART  OF  THE  METRIC  SYSTEM,  on  a  Sheet, 
size  42  in.  by  34  in.  on  Roller,  mounted  and  varnished,  price 
3J.  6d.    New  Edition. 

Also  a  Small  Chart  on  a  Card,  price  id. 

EASY  LESSONS  IN  ARITHMETIC,  combinmg  Exercises 
in  Reading,  Writing,  Spelling,  and  Dictation.  Part  I.  for 
Standard  I.  in  National  Schools.    Crown  8vo.  gd. 

EXAMINATION  CARDS  IN  ARITHMETIC.  (Dedi- 
cated  to  Lord  Sandon.)    With  Answers  and  Hints. 

Standards  I.  and  II.  in  box,  is.  Standards  III.,  IV.  and  V., 
in  boxes,  is.  each.  Standard  VI.  in  Two  Parts,  in  boxes, 
is.  each. 

A  and  B  papers,  of  nearly  the  same  difficulty,  are  given  so  as  to 
prevent  copying,  and  the  Colours  of  the  A  and  B  papers  differ  in 
each  Standard,  and  from  those  of  every  other  Standard,  so  that  a 
master  or  mistress  can  see  at  a  glance  whether  the  children  have  the 
proper  papers. 

SNOWBALL  —  THE  ELEMENTS  OF  PLANE  AND 
SPHERICAL  TRIGONOMETRY ;  with  the  Construction 
and  Use  of  Tables  of  Logarithms.  By  J.  C.  Snowball,  M.  A. 
New  Edition.    Crown  8vo.    "js.  6d. 

SYLLABUS  OP  PLANE  GEOMETRY  (corresponding  to 
EucUd,  Books  I.— VI.).  Prepared  by  the  Association  for  the 
Improvement  of  Geometrical  Teaching.  New  Edition.  Crown 
8vo.  is. 

TAIT  and  STEELE—^  TREATISE  ON  DYNAMICS  OF 
A  PARTICLE.  With  numerous  Examples.  By  Professor 
Tait  and  Mr.  Steele.  Fourth  Edition,  revised.  Crown  8vo. 
12s. 
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T-R-BA.^  — ELEMENTARY  MENSURATION  FOR 
SCHOOLS.     With  numerous  Examples.     By  Septimus 

-.;jo  Tebay,  B.A.,  Head  Master  of  Queen  Elizabeth's  Grammar 
School,  Rivington.    Extra  fcap.  8vo.  y,6d. 

TODHUNTER— Works  by  I.  TODHUNTER,  M.A.,  F.R,S.,  of 

St.  John's  College,  Cambridge. 

"  Mr.  Todhunter  is  chiefly  known  to  students  of  Mathematics  as  the 
author  of  a  series  of  admirable  mathematical  text-books,  which  possess 
the  rare  qualities  of  being  clear  in  style  and  absolutely  free  from  mistakes, 
typographical  or  other." — Saturday  Review. 

TJffE  ELEMENTS  OF  EUCLID.  For  the  Use  of  Colleges 
and  Schools.    New  Edition.    i8mo..    3^.  6d. 

MENSURATION  FOR  BEGINNERS.    With  numerous 
' '"  Examples,    New  Edition.    i8mo.    2s.  6d. 

ALGEBRA  FOR  BEGINNERS.  With  numerous  Examples, 
New  Edition.    i8mo.    2s.  6d. 

KEY  TO  ALGEBRA  FOR  BEGINNERS.    Crown  8vo. 

TRIGONOMETRY  FOR  BEGINNERS.    With  numerous 
Examples.    New  Edition.    i8mo.    2s.  6d. 

KEY    TO    TRIGONOMETRY    FOR  BEGINNERS. 
Crown  8vo.    is.  6d. 

MECHANICS   FOR    BEGINNERS.      With  numerous 
Examples.    New  Edition.    i8mo.    4^.  6d. 

KEY  TO  MECHANICS  FOR  BEGINNERS.  Crown 
8vo.   6s.  6d. 

ALGEBRA.  For  the  Use  of  CoUeges  and  Schools.  New " 
Edition.    Crown  8vo.    Ts.  6d. 

KEY  TO  ALGEBRA  FOR  THE  USE  OF  COLLEGES 
AND  SCHOOLS.    Crown  8vo.    ioj.  6d. 

AN  ELEMENTARY  TREATISE  ON  THE  THEORY 
\.<yi  OF  EQUATIONS.     New  Edition,   revised.    Crown  8vo. 
^s.  6d. 
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TODHUNTER  Continued —  Z~! 
PLAICE  TRIGONOMETRY.     For  Schools  and  Colleges. 
.  New  Edition.    Crown  8vo.  5^. 

KEY  TO  PLANE  TRIGONOMETRY.  Crown  Svo. 
IQs.  6d. 

A  TREATISE  ON  SPHERICAL  TRIGONOMETRY. 
New  Edition,  enlarged.    Crown  Svo.    4?.  (>d. 

PLANE  CO-ORDINATE  GEOMETRY,  as  appUed  to  the 
Straight  Line  and  the  Conic  Sections.  With  numerous 
Examples.  New  Edition,  revised  and  enlarged.  Crown  8vo« 
7J-.  (id. 

A  TREATISE  ON  THE  DIFFERENTIAL  CALCULUS. 
With  numerous  Examples.  New  Edition.  Crown  Svo. 
ICM.  dd. 

A  TREATISE  ON  THE  INTEGRAL  CALCULUS  AND 
IIS  APPLICATIONS.  With  numerous  Examples.  New 
Edition,  revised  and  enlarged.    Crown  Svo,    los.  6d. 

EXAMPLES  OF  ANALYTICAL  GEOMETRY  OF 
THREE  DIMENSIONS.  New  Edition,  revised.  Crown 
Svo.  4J. 

A  TREATISE  OA  ANALYTICAL  STATICS.  With 
numerous  Examples.  New  Edition,  revised  and  enlarged. 
Crown  Svo.    10s.  6d. 

A  HISTORY  OF  THE  MATHEMATICAL  THEORY 
OF  PROBABILITY,  from  the  time  of  Pascal  to  that  of 
Laplace.    Svo.  i%s. 

RESEARCHES  IN  THE  CALCULUS  OF  VARIA- 
TIONS, principally  on  the  Theoi7  of  Discontinuous  Solutions  : 
an  Essay  to  which  the  Adams  Prize  was  awarded  in  the 
University  of  Cambridge  in  1871.    Svo.  6x. 
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TODHUNTER  Continued— 

A  HISTORY  OF  THE  MATHEMATICAL  THEORIES 
OF  ATTRACTION,  AND  THE  FIGURE  OF  THE 
EARTH,  from  the  time  of  Newton  to  that  of  Laplace.  2  vols. 
8vo.  24J. 

AN  ELEMENTARY  TREATISE  ON  LAPLACE S, 
LAME'S,  AND  BESSELS  FUNCTIONS.  Crovra  8vo. 
\os.  6d. 

WILSON  (J.  VI.)— ELEMENTARY  GEOMETRY.  Books 
1.  to  V.  Containing  the  Subjects  of  Euclid's  first  Six 
Books.  Followmg  the  Syllabus  of  the  Geometrical  Association. 
By  J.  M.  Wilson,  M.A.,  Head  Master  of  Clifton  College. 
New  Edition.    Extra  fcap.  8vo.    4r.  6d. 

SOLID  GEOMETRY  AND  CONIC  SECTIONS.  With 
Appendices  on  Transversals  and  Harmonic  Division.  For  the 
Use  of  Schools.  By  J.  M.  Wilson,  M.A.  New  Edition. 
Extra  fcap.  8vo.    y.  6d. 

WII^SON— GRADUATED  EXERCISES  IN  PLANE  TRI 
GONOMETRY.  CompOed  and  arranged  by  J.  WiLSON, 
M.A.,  and  S.  R.  Wilson,  B.A.    Crown  8vo.    as.  6d. 

"  The  exercises  seem  beautifully  graduated  and  adapted  to  lead  a  student 
on  most  gently  and  pleasantly." — E.  J.  Routh,  F.R.S.,  St.  Peter's  College, 
Cambridge. 

WILSON  (W.  V.)—A  TREATISE  ON  DYNAMICS.  By 
W.  P.  Wilson,  M.A.,  Fellow  of  St.  John's  College,  Cam- 
bridge, and  Professor  of  Mathematics  in  Queen's  College, 
Belfast.    8vo.    9^.  6d. 

■Wox^STEN1iOI.fai:— MATHEMATICAL  PROBLEMS,  on 
Subjects  included  in  the  First  and  Second  Divisions  of  the 
Schedule  of  Subjects  for  the  Cambridge  Mathematical  Tripos 
Examination.  Devised  and  arranged  by  Joseph  Wolstkn- 
HOLME,  late  Fellow  of  Christ's  College,  sometime  Fellow  of 
St  John's  College,  and  Professor  of  Mathematics  in  the  Royal 
Indian  Engineering  College.  New  Edition  greatly  enlarged. 
8vo.  i8j. 
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SCIENCE. 

SCIENCE  PRIMERS  FOR  ELEMENTARY 
SCHOOLS. 

Under  the  joint  Editorship  of  Professors  Huxley,  Roscoe,  and 
Balfour  Stewart. 

"These  Primers  are  extremely  simple  and  attractive,  and  thoroughly 
answer  their  purpose  of  just  leading  the  young  beginner  up  to  the  thresh- 
old of  the  long  avenues  in  the  Palace  of  Nature  which  these  titles  suggest." 
— Guardian. 

"They  are  wonderfully  clear  and  lucid  in  their  instruction,  simple  in 
style,  and  admirable  in  plan.  " — Educational  Timks. 

CHEMISTRY  — By   H.  E.   RoscoE,    F.R.S.,    Professor  of 

Chemistry  m  Owens  College,  Manchester.     With  numerous 

Illustrations.    i8mo.    is.    New  Edition.    With  Questions. 

"A  very  model  of  perspicacity  and  accuracy."— Chemist  and  Drug- 
gist. 

PHYSICS— By  Balfour  Stewart,  F.R.S.,  Professor  of  Natural 
Philosophy  in  Owens  College,  Manchester.  With  numerous 
Illustrations.    i8mo.    is.    New  Edition.    With  Questions. 

PHYSICAI.  GEOGRAPHY— By  ARCHIBALD  Geikie,  F.R.S., 
Murchison  Professor  of  Geology  and  Mineralogy  at  Edin- 
burgh. With  numerous  Illustrations.  New  Edition,  with 
Questions.    i8mo.  is. 

"Everyone  of  his  lessons  is  marked  by  simplicity,  eleamess,  and 
correctness.  — ATHSNiEUM. 

GEOLOGY  — By  Professor  Geikie,  F.R.S.  With  numerous 
Illustrations.   New  Edition.    i8mo.  cloth,  is. 

"  It  U  hardly  possible  for  the  dullest  child  to  misunderstand  the  meanine 
of  a  classification  of  stones  after  Professor  Geikie's  explanation."— School 
Board  Chronicle.  ui-nwi, 

PHYSIOLOGY— By  MICHAEL  FOSTER,  M.D.,  F.R.S.  With 
numerous  Illustrations.    New  Edition.    i8mo.  is. 

text-bSok!^AcSlMv."'  '°  '°     "^''"'^  "  =^  elementary 
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SCIENCE  FRIBIBRS  Contimted— 

ASTRONOMY  —  By  J.    NoRMAN    LOCKYBR,    F.R.&.  With 

numerous  Illustrations.    New  Edition.    i8mo.  u. 

'  This  is  altogether  one  of  the  most  likely  attempts  we  have  ever  seen  to 
bring  astronomy  down  to  the  capacity  of  the  young  child." — School 

Board  Chroniclh. 

BOTANY— By  Sir  J.  D.  HooKER,  K.C.S.I.,  C,B.,  President 

of  .the  Royal  Society     With  numerous  Illustrations.  New 

Edition.    iSmo.  \s. 

"  To  teachers  the  Pruner  will  be  of  inestimable  value,  and  not  only 
because  of  the  simplicity  of  the  language  and  the  clearness  with  which  the 
subject  matter  is  treated,  but  also  on  account  of  its  coming  from  the  highest 
authority,  and  so  furnishing  positive  information  as  to  the  most  suitable 
mehods  of  teaching  the  science  of  botany." — Nature. 

LOGIC — By  Professor  Stanley  Jevons,  F.R.S.    New  Edition. 
iSmo.  is. 

' '  It  appears  to  us  admirably  adapted  to  serve  both  as  an  introduction 
to  scientific  reasoning,  and  as  a  guide  to  sound  Judgment  and  reasoning 
in  the  ordinary  affairs  of  life." — ^Academy, 

POLITICAI.    ECONOMY— By  Professor  Stanley  Jevons, 

F.  R.S.    i8mo.  ij. 

"Unquestionably  in  every  respect  an  admirable  primer." — School 
Board  Chronicle. 

In  preparation : — 
HSfTRODUCTORY.    By  Professor  Huxley.    &c.  &c. 

ELEMENTARY  CLASS-BOOKS. 

ASTRONOMY,  by  the  ABtronomer  Royal. 

POPULAR  ASTRONOMY.    With  Illustrations.    By  Sir 

G.  B.  Airy,  K.C.B.,  Astronomer  Royal.  New  Edition. 
iSmo.    4x.  6i/. 

ASTRONOMY. 

ELEMENTARY  LESSONS  IN  ASTRONOMY.  With 
Coloured  Diagram  of  the  Spectra  of  the  Sun,  Stars,  and 
Nebulae,  and  numerous  Illustrations.  By  J.  NORMAN  Lockyer, 
F.R.S.    New  Edition.    Fcap.  8yo.    5j.  dd. 

"  Full,  clear,  sound,  and  worthy  of  attention,  not  only  as  a  popular 
exposition,  but  as  a  scientific  '  Index.'  "— Athen/kum. 
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ELEMENTARY  CIiASS-BOOKS  Continued— 

QUESTIONS  ON  LOCKYER'S  ELEMENTARY  LES- 
SONS IN  ASTRONOMY.  For  the  Use  of  Schools.  By 
John  Forbks-Robertson.    i8mo.  cloth  limp.    is.  6d. 

PHYSIOLOGY. 

LESSONS  IN  ELEMENTARY  PHYSIOLOGY.  With 
numerous  Illustrations.  ByT.  H.  Huxley,  F.R.S.,  Professor 
of  Natural  History  in  the  Royal  School  of  Mines.  New 
Edition.    Fcap.  8vo.    4?,  6d. 

"Pure gold  throughout."— Guardian. 

"Unquestionably  the  clearest  and  most  complete  elementary  treatise 
on  this  subject  that  we  possess  in  any  language. " — Westminster  Review. 

QUESTIONS  ON  HUXLEY'S  PHYSIOLOGY  FOR 
SCHOOLS.    By  T.  Alcock,  M.D.    iSmo.    is.  6d. 

BOTANY. 

LESSONS   IN   ELEMENTARY  BOTANY.     By  D. 
Oliver,  F.R.S.,  F.L.S.,  Professor  of  Botany  in  University 
College,  London.    With  nearly  Two  Hundred  Illustrations 
New  Edition.    Fcap.  8vo.    4J,  ^d. 

CHEMISTRY. 

LESSONS  IN  ELEMENTARY  CHEMISTRY,  IN- 
ORGANIC AND  ORGANIC.  By  Henry  E.  Roscoe, 
F.R.S.,  Professor  of  Chemistry  in  Owens  College,  Manchester. 
With  mmierous  Illustrations  and  Chromo-Litho  of  the  Solar 
Spectrum,  and  of  the  Alkalies  and  Alkaline  Earths.  New 
Edition.    Fcap.  Svo.    4J.  fia?. 

"  As  a  standard  general  text-book  it  deserves  to  take  a  leading  place.  "— 
Spectator. 

"  We  unhesitatingly  pronounce  it  the  best  of  all  our  elementary  treatises 
on  Chemistry."— Medical  Times. 

A  SERIES  OF  CHEMICAL  PROBLEMS,  prepared  with 
Special  Reference  to  the  above,  by  T.  E.  Thorpe,  Ph.D., 
Professor  of  Chemistry  in  the  Yorkshire  College  of  Science, 
Leeds.  Adapted  for  the  preparation  of  Students  for  the 
Government,  Science,  and  Society  of  Arts  Examinations.  With 
a  Preface  by  Professor  Roscoe.  Fifth  Edition,  with  Key, 
iSmo.  2s. 
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EIiEMENTARY  CIJiSS-BOOKS  Coniinued— 
POUTICAIi  ECONOMY. 

POLITICAL  ECONOMY  FOR  BEGINNERS.  By 
MiLLiCENT  G.  Fawcett.    New  Edition.    i8mo.    zs.  6d. 

"  Oear,  compact,  and  comprehensive." — Daily  News. 

"The  relations  of  capital  and  labour  have  never  been  more  simply  or 
more  clearly  expounded." — Contemporary  Rkvikw. 

LOGIC. 

ELEMENTARY  LESSONS  IN  LOGIC;  Deductive  and 

Inductive,  with  copious  Questions  and  Examples,  and  a 

Vocabulary  of  Logical  Terms.  By  W.  Stanley  Jevons,  M.A. 

Professor  of  Political  Economy  in  University  College,  London. 

New  Edition.    Fcap.  8vo.    3^.  W. 

"  Nothing  can  be  better  for  &  school-book." — Guardian. 

".A  manual  alike  simple,  interesting,  and  scientific." — ^Athbn/sum. 

PHYSICS. 

LESSONS  IN  ELEMENTARY  PHYSICS.  By  Balfour 

Stewart,  F.R.S.,  Professor  of  Natural  Philosophy  in  Owens 

College,  Manchester.  With  numerous  Illustrations  and  Chromo- 

litho  of  the  Spectra  of  the  Sun,  Stars,  and  Nebulae.  New 

Edition.    Fcap.  8vo.    4f.  (>d. 

' '  The  beau-ideal  of  a  scientific  text-book,  clear,  accurate,  and  thorough." 
— Edocatiokal  Times. 

PRACTICAIi  CHEMISTRY, 

THE  OWENS  COLLEGE  JUNIOR  COURSE  OF 
PRACTICAL  CHEMISTRY.  By  Francis  Jones,  Chemical 
Master  in  the  Grammar  School,  Manchester.  With  Preface  by 
Professor  RoscoE,  and  Illustrations.  New  Edition.  i8mo. 
2J.  dd. 
CHEMISTRY. 

QUESTIONS  AND  EXERCISES  IN  CHEMISTRY. 
By  Francis  Jones,  Chemical  Master  in  the  Grammar  School, 
Manchester.  [In  preparation. 

ANATOMY. 

LESSONS  IN  ELEMENTARY  ANATOMY.    By  St. 
.   George  Mivart,  F.R.S.,  Lecturer  in  Comparative  Anatomy 
.    at  St.  Mary's  Hospital.    With  upwards  of  400  Illustrations. 
Fcap.  8vo.    6^.  6^/. 

"  It  may  be  questioned  whether  any  other  work  on  anatomy  contains  in 
like  compass  so  proportionately  great  a  mass  of  information. " — Lancet. 

"  The  work  is  excellent,  and  should  be  in  the  hands  of  every  student  of 
human  anatomy." — Medical  Times, 
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EIiEMENTARY  CIiASS-BOOKS  Continued— 
MECHANICS. 

AN  ELEMENTARY  TREATISE.  By  A.  B.  W. 
Kennedy,  C.E.,  Professor  of  Applied  Mechanics  in  University 
College,  London.'   With  Illustrations.  [/« preparation. 

STEAM. 

AN  ELEMENTARY  TREATISE.     By  John  Perry, 

Professor  of  Engineering,  Imperial  College  of  Engineering, 

Yedo.    With  numerous  Woodcuts  and  Numerical  Examples 

and  Exercises.    l8mo,    4J.  dd. 

"  The  young  engineer  and  those  seeking  for  a  comprehensive  knowledge 
of  the  use,  power,  and  economy  of  steam,  could  not  have  a  more  useful 
work,  as  it  is  very  intelligible,  well  arranged,  and  practical  throughout. " — 
Ironmonger. 

PHYSICAL  GEOGRAPHY. 

ELEMENTARY  LESSONS  IN  PHYSICAL  GEO- 
GRAPHY. By  A.  Geikie,  F.R.S.,  Murchison  Professor 
of  Geology,  &c.,  Edinburgh.  With  numerous  Illustrations. 
Fcap.  8vo.    4s.  6d. 

QUESTIONS  ON  THE  SAME.    xs.  6a. 

GEOGKAPHY. 

CLASS-BOOK  OF  GEOGRAPHY.  By  C.  B.Clarke,  M.A., 
F.R.G.S.  Fcap,  8vo.  New  Edition,  with  Eighteen  Coloured 
Maps.  3J-, 

NATURAL  PHILOSOPHY. 

NATURAL  PHILOSOPHY  FOR  BEGINNERS.  By 
I.  ToDHUNTER,  M.A.,  F.R.S.    Part  I.  The  Properties  of 
Solid  and  Fluid  Bodies.    i8mo.    ■^s.  ()d.>\\A  ■  , 
Part  II.  Sound,  Light,  and  Heat,    i8mo.    3*,  &d. 

SOUND. 

AN  ELEMENTARY  TREATISE.  By  W.  H,  Stone,' 
M,B.,  F,R.S,    With  Illustrations.    i8mo.  {Immediately. 

PSYCHOLOGY. 

ELEMENTAR  Y  LESSONS  IN  PSYCHOLOGY.  By  G. 
Croom  Robertson,  Professor  of  Mental  Philosophy,  &c., 
University  College,  London.  [/«  preparation. 

Others  In  Preparation, 
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MANUALS    FOR  STUDENTS. 
Crown  8vo. 

DVER  AND  Vl-NIRS— THE  STRUCTURE  OF  PLANTS.  By 
Professor  Thiselton  Dyer,  F.R.S.,  assisted  by  Sydney 
Vines,  13. Sc.,  Fellow  and  Lecturer  of  Christ's  College, 
Cambridge.    With  numerous  Illustrations.       \_In  preparaiion. 

PAWCE'lT— -4  MANUAL  OF  POLITICAL  ECONOMl. 
By  Professor  Fawcett,  M.P,  New  Edition,  revised  and 
enlarged.    Crown  8vo.    I2s.  da.  <.■ 

FLEISCHER-^/  SYSTEM  OF  VOLUMETRIC  ANALY- 
SIS. Translated,  with  Notes  and  Additions,  from  the  second 
German  Edition,  by  M.  M.  Pattison  Muir,  F.R.S.E.  With 
Illustrations.    Crown  8vo.    Is.  dd. 

FLOWER  (W.  la..)— AN  INTRODUCTION  TO  THE  OSTE- 
OLOGY OF  THE  MAMMALIA.  Being  the  substance  of 
the  Course  of  Lectures  delivered  at  the  Royal  College  of 
Surgeons  of  England  in  1870.  By  Professor  W.  li.  Flower, 
F.R.S.,  F.R.C.S.  With  numerous  Illustrations.  New  Edition, 
enlarged.    Crown  8vo.    \os.  6d. 

POSTER  and  BAl,TO-UR— THE  ELEMENTS  OF  EMBRYO- 
LOGY. By  Michael  Foster,  M.D.,  F.R.S.,  and  F.  M. 
Balfour,  M.A.    Part  I.  crown  8vo.    7^.  dd. 

FOSTER  and  LANGLEY— ^  COURSE  OF  ELEMENTARY 
PRACTICAL  PHYSIOLOGY.  By  Michael  Foster, 
M.D.,  F.R.S.,  and  J.  N.  Langley,  B.A.  New  Edition. 
Crown  8vo.  6j. 

HOOKER  {T>v.)—THE  STUDENTS  FLORA  OF  THE 
BRITISH  ISLANDS.  By  Sir  J.  D.  Hooker,  K.C.S.L, 
C.B.,  F.R.S.,  M.D.,  D.C.L.  New  Edition,  revised.  Globe 
8vo.    los,  6d, 
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MANUAIiS  FOR  STUDENTS  ConUnued— 

-Bjj-^-u-En— PHYSIOGRAPHY.  An  Introduction  to  the  Study  of 
Nature.  By  Professor  Huxley,  F.R.S.  With  numerous  Illus- 
trations, and  Coloured  Plates.  New  Edition.  Crown  8vo.  7^.6^/. 

HUXLEY  and  MARTIN— .4  COURSE  OF  PRACTICAL 
INSTRUCTION  IN  ELEMENTARY  BIOLOGY.  By 
Professor  Huxley,  F.R.S.,  assisted  by  H.  N.  Martin,  M.B., 
D.Sc.    New  Edition,  revised.    Crown  8vo.  6s. 

HUXLEY    and    VA.-B.^-R-&-- ELEMENTARY  BIOLOGY. 
PARI  II.     By  Professor  Huxley,  F.R.S.,   assisted  by 
—  Parker.    With  Illustrations.  [In  preparation. 

JUVONS— THE  PRINCIPLES  OF  SCIENCE.  A  Treatise 
cm  Logic  and  Scientific  Method.  By  Professor  W.  Stanley 
Jevons,  LL.D.,  F;R.S.  New  and  Revised  Edition.  Crovm 
8vo.    I2S.  6d. 

0^lVlE.TL{VTOfesaor)— FIRST  BOOKOFINDIAN  BOTANY. 
By  Professor  Daniel  Oliver,  F.R.S. ,  F.L.S.,  Keeper  of 
the  Herbarium  and  Library  of  the  Royal  Gardens,  Kew, 
With  numerous  Illustrations.    Extra  fcap.  Svo.    6s.  6d, 

PARKER  and  BETTANY— MORPHOLOGY  OF 
THE  SKULL.  By  Professor  Parker  and  G.  T.  Bettany. 
Illustrated.    Crown  Svo.    lo^.  6d. 

UhlH—AN  ELEMENTARY  TREATISE  ON  HEAT.  By 
Professor  Tait,  F.R.S.  E.    lUustrated.  [In  the  press. 

TUOVtsoii— ZOOLOGY.  By  Sir  C.  Wyville  Thomson,  F.R.S. 
Illustrated.  [/« preparation. 

TYLOR  and  x.tJUl^li'S.'VEB.  — ANTHROPOLOGY.  By  E.  B, 
Tylor,  M.A.,  F.R.S.,  and  Professor  E.  Ray  Lankester, 
M.A.,  F.R.S.    Illustrated.  \In  preparation. 


Other  volumes  of  these  Manuals  will  follow. 
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SCIENTIFIC  TEXT-BOOKS. 

BALI,  (R.  s.,  A.Vl.)— EXPERIMENTAL  MECHANICS.  A 
Course  of  Lectures  delivered  at  the  Royal  College  of  Science 
for  Ireland.  By  R.  S.  Ball,  A.M.,  Professor  of  Applied 
Mathematics  and  Mechanics  in  the  Royal  College  of  Science 
for  Ireland.    Royal  8vo.  i6s. 

FOSTER—^  TEXT -BOOK  OF  PHYSIOLOGY.  By  Michael 
Foster,  M.D.,  F.R.S.  With  Illustrations.  New  Edition, 
enlarged,  with  additional  Illustrations.    8vo.  2IJ. 

GAM  GEE  —A  TEXT-BOOK,  SYSTEMATIC  AND  PRAC 
TICAL,  OF  THE  PHYSIOLOGICAL  CHEMISTRY  OF 
THE  ANIMAL  BODY.  Including  the  changes  which  the 
Tissues  and  Fluids  undergo  in  Disease.  By  A.  Gamgee, 
M.D.,  F.R.S.,  Professor  of  Physiology,  Owens  College, 
Manchester.    8vo.  [/«  the  press. 

GlEG-EVBAVK— ELEMENTS  OF  COMPARATIVE  ANA- 
TOMY. By  Professor  Carl  Gegenbaur.  A  Translation  by 
F.  Jeffrey  Bell,  B.A.  Revised  with  Preface  by  Professor 
E.  Ray  Lankester,  F.R.S.  With  numerous  Illustrations. 
8vo.  21S. 

K-LA.USIVS— MECHANICAL  THEORY  OF  HEA  T.  Trans- 
lated by  Walter  K.  Browne.   8vo.  [/«  the  press. 

THlE,-vrCO-!(lB— POPULAR  ASTRONOMY.  By  S.  Newcomb, 
LL.D.,  Professor  U.S.  Naval  Observatory.  With  iiz  Illus- 
trations and  5  Maps  of  the  Stars.    8vo.  i8j. 

"  It  is  unlike  anything  eke  of  its  kind,  and  will  be  of  more  use  in  circulating 
a  knowledge  of  astronomy  than  nine-tenths  of  the  books  which  have  appeared 
on  the  subject  of  late  years." — Saturday  Reviev.. 

n^VTUTiAVX.  —  THE  KINEMATICS  OF  MACHINERY. 
Outlines  of  a  Theory  of  Machines.  By  Professor  F.  Reuleaux. 
Translated  and  Edited  by  Professor  A.  B.  W.  Kennedy, 
C.E.    With  450  Illustrations.    Medium  8vo.  2ix. 
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SCIENTIFIC  TEXT-BOOKS  Continued— 

ROSCOEand  SCHORLEMMER— Cj^^^/iT/v' A  Complete 
Treatise  on.  By  Professor  H.  E.  RoscoE,  F.R.S.,  and  Pro- 
fessor C.  ScHORLEMMER,  F.R.S.  Medium  8vo.  Vol.  I. — • 
The  Non-Metallic  Elements.  With  numerous  Illustrations,  and 
Portrait  of  Dalton,  2.15.  Vol.  II.— Metals.  Part  I.  lUus- 
trated.    i8j.  {Vol.  II.— Metals.    Part  II.  in  the  press. 

SCHORLEMMER—^  MANUAL  OF  THE  CHEMISTRY  OF 
THE  CARBON  COMPOUNDS,  OR  ORGANIC  CHE- 
MISTRY. By  C.  SCHORLEMMER,  F.R.S. ,  Professor  of 
Chemistry,  Owens  College,  Manchester.  With  Illustrations. 
8vo.  14J. 

NATURE  SERIES. 

THE  SPECTROSCOPE  AND  ITS  APPLICATIONS.  By 
J.  Norman  Lockyer,  F.R.S.  With  Colom-ed  Plate  and 
numerous  Illustrations.  Second  Edition.  Crown  Svo.    35.  (>d, 

THE  ORIGIN  AND  METAMORPHOSES  OF  INSECTS. 
By  Sir  John  Lubbock,  M.P.,  F.R.S,,  D.C.L,  With  nume- 
rous Illustrations.    Second  Edition.    Crown  Svo.    3^,  6d. 

THE  TRANSIT  OF  VENUS.  By  G.  Forbes,  M.A.,  Pro- 
fessor of  Natural  Philosophy  in  the  Andersonian  University, 
Glasgow.    Illustrated.    Crown  Svo.    3^.  6d. 

THE  COMMON  FROG.  By  St.  George  Mivart,  F.R.S., 
Lecturer  in  Comparative  Anatomy  at  St.  Mary's  Hospital. 
With  numerous  Illustrations.    Crown  Svo.    3^.  6d. 

POLARISATION  OF  LIGHT.  By  W.  Spottiswoode,  F.R.S. 
With  many  Illustrations.  Second  Edition,  Crown  Svo. 
3^.  6d. 

ON  BRITISH  WILD  FLOWERS  CONSIDERED  IN  RE. 
LATION  TO  INSECTS.  By  Sir  John  Lubbock,  M.P., 
F.R.S.  With  numerous  Illustrations.  Second  Edition.  Crown 
Svo.    4f.  6d. 

THE  SCIENCE  OF  WEIGHING  AND  MEASURING,  AND 
THE  STANDARDS  OF  MEASURE  AND  WEIGHT. 
By  H.  W.  Chisholm,  Warden  of  the  Standards,  Witt 
numerous  Illustrations.    Crown  Svo.    4J.  6d. 

c 
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NATURE  SERIES  Continued— 

HOW  TO  DRAW  A  STRAIGHT  LINE :  a  Lecture  on  Link- 
ages.  By  A.  B.  Kempe.  With  Illustrations.  Crown  8vo.  is.  6d. 

LIGHT:  a  Series  of  Simple,  entertaining,  and  Inexpensive  Expe- 
riments in  the  Phenomena  of  Light,  for  the  Use  of  Students  of 
every  age.  By  A .  M.  Mayer  and  C.  Barnard.  Crown  8vo, 
with  numerous  Illustrations.    2J.  bd. 

SOUND  ;  a  Series  of  Simple,  Entertaining,  and  Inexpensive  Ex- 
periments in  the  Phenomena  of  Sound,  for  the  use  of  Students 
01  every  age.  By  A.  M.  Mayer,  Professor  of  Physics  in 
the  Stevens  Institute  of  Technology,  &c.  With  numerous 
Illustrations.    Crown  8vo.    ^s.  6d,  i 

Oi/ier  volumes  to  follow. 


EASY  LESSONS  IN  SCIENCE. 

HEA  T.    By  Miss  C.  A.  Martineau.    Edited  by  Prof.  W.  F. 
Barrett.  [/«  Hie  press. 

LIGHT.    By  Mrs.  Awdry.    Edited  by  Prof.  W.  F.  Barrett. 

[In  the  p-ess. 

ELECTRICITY.    By  Prof.  W.  F.  Barrett.     [/« preparation. 

SCIENCE   LECTURES  AT  SOUTH 
KENSINGTON. 

VOL.  I.  Containing  Lectures  by  Capt.  Abney,  Prof.  Stokes, 
Prof.  Kennedy,  F.  G.  Bramwell,  Prof.  G.  Forbes,  H.  C. 
SoRBY,  J.  T.  Bottomley,  S.  H.  Vines,  and  Prof.  Carey 
Foster.    Crown  8vo.  6j-. 

VOL.  II.  Containing  Lectures  by  W.  Spottiswoode,  P.R.S., 
Prof.  Forbes,  Prof.  Pigot,  Prof.  Barrett,  Dr.  Burdon- 
Sanderson,  Dr.  Lauder  Brunton,  F.R.S.,  Prof.  Roscoe, 
and  others.    Crown  8vo.  6s. 
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MANCHESTER   SCIENCE  LECTURES 
FOR  THE  PEOPLE. 

Eighth  Series,  1876-7.   Crovsm  8vo.  Illustrated,    dd.  each. 
WHAT  THE  EARTH  IS  COMPOSED  OF.    By  Professor 
RoscoE,  F.R.S. 

THE  SUCCESSION  OF  LIFE  ON  THE  EARTH.  By 
Professor  Williamson,  F.R.S. 

WHY  THE  EARTHS  CHEMISTRY  IS  AS  IT  IS.  By 
J.  N.  LOCKYER,  F.R.S. 
Also  complete  in  One  Volume.    Crown  8vo.  cloth.  2.5. 

Bl,At}FOmi— THE  RUDIMENTS  OF  PHYSICAL  GEO- 
GRAPHY FOR  THE  USE  OF  INDIAN  SCHOOLS;  with 
a  Glossary  of  Technical  Terms  employed.  By  H.  F.  Blanford, 
F.R.S.    New  Edition,  with  Illustrations.    Globe  8vo.    2s.  dd. 

•E.VES.-E.'TS— PHYSICAL  UNITS.     By  Prof.  J.  D.  Everett. 
'  Extra  fcap.-  8vo.  \In  t/ie  press. 

OUTLINES  OF  FIELD  GEOLOGY.      By  Prof. 
Geikie,  F.R.S.   With  Illustrations.  Extra  fcap.  8vo.  3^.60^. 

GORDON— ^iV  ELEMENTARY  BOOK  ON  HEAT.  By 
J.  E.  H.  Gordon,  B.A.,  Gonville  and  Caius  College,  Cam- 
bridge.    Crown  8vo.  2s. 

n'RENH-RIOli— OUTLINES  OF  PHYSIOLOGY  IN  IIS 
■    RELATIONS  TO  MAN.    By  J.  G.  M'Kendrick,  M.D., 
F.R.S. E.    With  Illustrations.    Crown  8vo.    12s.  6d. 

miAJJx-STUDIES  IN  COMPARATIVE  ANATOMY. 

No.  I. — The  Skull  of  the  Crocodile  :  a  Manual  for  Students. 
By  L.  C.  MiALL,Trofessorof  Biology  in  the  Yorkshire  College 
and  Curator  of  the  Leeds  Museum.    8vo.    2s.  6d. 
No.  II. — Anatomy  of  the  Indian  Elephant.    By  L.  C.  MlALL 
and  F.  Greenwood.    With  Illustrations.    8vo.  55. 

KMl-R— PRACTICAL  CHEMISTRY  FOR  MEDICAL  STU- 
DENTS. Specially  arranged  for  the  first  M.B.  Cour.se.  By 
M.  M.  Pattison  Muir,  F.R.S. E.    Fcap.  8vo.    is.  6d. 

anA-VCN— AN  ELEMENTARY  TREATISE  ON  HEAT,  IN 
RELATION  TO  STEAM  AND  THE  STEAM-ENGINE. 
By  G.  Shann,  M.A.   With  Illustrations.   Crown  8vo.  4J.  6(/. 

c  2 
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WRIGHT— METALS  AiVD  THEIR  CHIEF  INDUSTRIAL 
APPLICATIONS.  By  C.  Alder  Wright,  D.Sc,  &c. 
Lecturer  on  Chemistry  in  St.  Mary's  Hospital  Medical  School. 
Extra  fcap.  8vo.    y.  6d. 

HISTORY. 

■Bl^l^&l.-Y— STORIES  FROM  THE  HISTORY  Og. ROME. 
By  Mrs.  Beesly.    Fcap.  8vo.    2s.  6d.  , 

"  The  attempt  appears  to  us  in  every  way  successful.  The  stories  are 
interesting  in  themselves,  and  are  told  with  perfect  simplicity  and  good 
feeling." — Daily  Nkws. 

FREEMAN  (EDWARD  A.)— OLD-ENGLISH  HISTORY. 
By  Edward  A.  Freeman,  D.C.L.,  LL.D.,  late  Fellow  of 
Trinity  College,  Oxford.  With  Five  Coloured  [Maps.  New 
Edition.   Extra  fcap.  8vo.  half-bound.  6s. 

GREEN— ^  SHORT  HISTORY  OF  THE  ENGLISH 
PEOPLE.  By  John  Richard  Green,  M.A.,  LL.D.  With 
Coloured  Maps,  Genealogical  Tables,  and  Chronological 
Annals.    Crown  Svo.    8j.  6d.    Sixty-second  Thousand. 

"  Stands  alone  as  the  one  general  history  of  the  country,  for  the  sake 
of  which  all  others,  if  young  and  old  are  wise,  will  be  speedily  and  surely 
set  aside." — Academy. 

Q\3-E,S,r— LECTURES  ON  THE  HISTORY  OF  ENGLAND. 
By  M.  J.  Guest.    With  Maps.    Crown  Svo.  6s. 

HISTORICAL  COURSE  FOR  SCHOOLS  —  Edited  by 
Edward  A.  Freeman,  D.C.L.,  late  FeUow  of  Trinity 
College,  Oxford.  ; 

I.  GENERAL  SKEICH  OF  EUROPEAN  HISTORY. 
By  Edward  A.  Freeman,  D.C.L.  New  Edition,  revised 
and  enlarged,  with  Chronological  Table,  Maps,  and  Index. 

iSmo.  cloth.  3^.  6d. 

"  It  suDPlies  the  great  want  of  a  good  foundauon  for  historical  teacbm;;. 
The  scheme  is  an  excellent  one,  and  tlus  instalment  has  been  executed  ^ 
a  way  that  promises  much  for  the  volumes  that  are  yet  to  appear.  - 
Educational  Times. 

II.  HISTORY  OF  ENGLAND.  By  Edith  Thompson. 
New  Edition,  revised  and  enlarged,  witl<  Maps.   l8mo.  is.  6d. 

III.  HISTORY  OF  SCOTLAND.  By  Margaret 
Macarthur.    New  Edition,    i8mo.  2s, 

"An  excellent  summary,  unimpeachable  as  to  fj}-:'!; ,f "^„P"««>S  them 
in  the  clearest  and  most  impartial  light  attainable.  -Guardian. 
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HISTORICAIi  COURSE  FOR  SCHOOLS  Continued— 

IV.  HISTORY  OF ITALli.  By  the  Rev.  W.  HuNT,  M.A. 
i8mo.    3  J. 

"  It  possesses  the  same  solid  merit  as  its  predecessors  ....  the  same 
scrupulous  care  about  fidelity  in  details.  .  .  .  It  is  distinguished,  too,  by 
information  on  art,  architecture,  and  social  politics,  in  which  the  writer's 
grasp  is  seen  by  the  firmness  and  clearness  of  his  touch" — Educational 
Times. 

V.  HISTORY  0I>  GERMANY.  By  J,  SiME,  M.A. 
i8mo.  3J. 

"A  remaikably  clear'and  impressive  history  of  Germany.  Its  great 
events  are  wisely  kept  as  central  figures,  and  the  smaller  events  are  care- 
fully kept,  not  only  subordinate  and  subservient,  but  most  skilfully  woven 
into  the  texture  of  the  historical  tapestry  presented  to  the  eye." — 
Standard. 

VI.  HISTORY  OF  AMERICA.     By  John  A.  Doyle. 

With  Maps.    i8mo.    41.  6a. 

"  Mr.  Doyle  has  performed  his  task  with  admirable  care,  fulness,  and 
clearness,  and  for  the  first  time  we  have  for  schools  an  accurate  and  inter- 
esting history  of  America,  from  the  earliest  to  the  present  time."— 
Standard. 

EUROPEAN  COLONIES.    By  E.  J.  Payne,  M.  A.  With 

Maps.    i8mo.     4J.  dd. 

"We  have  seldom  met  with  an  historian  capable  of  forming  a  more 
comprehensive,  far-seeing,  and  unprejudiced  estimate  of  events  and 
peoples,  and  we  can  commend  this  little  worlc  as  one  certain  to  prove  o£ 
the  highest  interest  to  all  thoughtful  readers."— Times. 

FRANCE.  By  Charlotte  M.  Yonge.  With  Maps.  iSmo. 
3^.  6(/. 

GREECE.   By  Edward  A.  Freeman,  D.C.L.  " 

[/«  p-eparation. 

ROME.  By  Edward  A.  Freeman,  D.C.L,  II, t  preparation. 

HISTORV  PRIMERS— Edited  by  John  Richard  Green. 
Author  of  "  A  Short  History  of  the  English  People." 
ROME.    By  the  Rev.  M.   Creighton,  M.A.,  late  FeUow 
and  Tutor  of  Merton  CoUege,  Oxford.    With  Eleven  Maps. 
i8mo.  \s. 

"  The  author  has  been  curiously  successful  in  telUng  in  an  intelli- 
Chroi^cL       """^  '°  '^^'-''-ScHOOL  Board 

GREECE.  By  C.  A.  Fyffe,  M.A.,  FeUow  and  late  Tutor 
of  yniversity  College,  Oxford.  With  Five  Maps.  i8mo.  is. 
Jl^X  ""^  ""qualified  praUe  to  this  little  manual. "-School- 
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HISTORY  PRIMERS  Continued— 

EUROPEAN  HISTORY.   By  E.  A.  Freeman,  D.C.L., 

LL.D.    With  Maps.    i8mo.  ij. 

"  The  work  is  always  clear,  and  forms  a  luminous  key  to  European 
history." — School  Board  Chronicle. 

GREEK  ANIIQUITIES.    By  the  Rev.  J.  P.  Mahaffy, 

M.A.    Illustrated.    i8mo.  ix. 

"All  that  is  necessary  for  the  scholar  to  know  is  told  so  compaotly  yet 
so  fully,  and  in  a  style  so  interesting,  that  it  is  impossible  for  even  the 
dullest  boy  to  look  on  this  little  work  in  the  same  light  as  he  regards  his 
other  school  books. " — Schoolmaster. 

CLASSICAL  GEOGRAPHY.  By  H..F.  Tozer,  M.A. 
l8mo.  is. 

"Another  valuable  aid  to  the  study  of  the  ancient  world.  ...  It 
contains  an  enormous  quantity  of  information  packed  into  a  small  space, 
and  nt  the  same  time  commiuiicated  in  a  very  readable  shape." — John 
Bull. 

GEOGRAPHY.  By  George  Grove,  D.C.L.  With  Maps. 
iSmo.  Xs. 

"A  model  of  what  such  a  work  should  he  ....  we  know  o£  no  short 
■  treatise  better  suited  to  infuse  life  and  spirit  into  the  dull  lists  of  proper 
names  of  which  our  ordinary  class-books  so  often  almost  exclusively 
consist. " — Times. 

ROMAN  ANTIQUITIES.  By  Professor  Wilkins.  Illus- 
trated.   iSmo.  IS. 

"  A  little  book  that  throws  a  blaie  of  light  on  Roman  History,  and 
iS|  moreover,  intensely  interesting." — School  Board  Chronicle. 

FRANCE.   By  Charlotte  M.  Yonge,    i8mo.  \s. 

In  preparation : — 
ENGLAND,    By  J.  R.  Green,  M.A. 

MICHELET— ^  SUMMARY  OF  MODERN  HISTORY. 
Translated  from  the  French  of  M.  Michelet,  and  continued 
to  the  Present  Time,  by  M.  C.  M.  Simpson.    Globe  Svo. 

OITts,— SCANDINAVIAN  HISTORY.  By  E.  C.  OTTfe. 
With  Maps.    Globe  Svo.  6s. 

VAVImI— PICTURES  OF  OLD  ENGLAND.  By  Dr.  R. 
Pauli.  Translated  with  the  sanction  of  the  Author  by 
E.  C.  Ott6,    Cheaper  Edition.    Crown  Svo.  6j. 
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TAIT— ANALYSIS  OF  ENGLISH  HISTORY,  based  on 
Green's  "Short  Histoiy  of  the  English  People."  By  C.  W.  A. 
Tait,  M.A.,  Assistant  Master,  Clifton  College,  Crown  8vo. 
3J.  6d. 

WHEELER—^  HISTORY  OF  INDIA.  By  J,  Talboys 
Wheeler.    Crown  Svo.  [In  the  press, 

YONGE  {cnAnizOrmm.)— A  PARALLEL  HISTORl  OF 
FRANCE  AND  ENGLAND  :  consisting  of  Outlines  and 
Dates,  By  Charlotte  M.  Yonge,  Author  of  "The  Heir 
of  Redclyffe,"  &c.,  &c.    Oblong  4to.    3^.  6d. 

CAMEOS  FROM  ENGLISH  HISTORY.  —  FROM. 
ROLLO  TO  EDWARD  II.  By  the  Author  of  "The  Heir 
of  Redclyfie."    Extra  fcap.  Svo,    New  Edition,  5j. 

A  SECOND  SERIES  OF  CAMEOS  FROM  ENGLISH 
HISTORY— THE  WARS  IN  FRANCE.  New  Edition. 
Extra  fcap.  Svo.    5^.  ' 

A  THIRD  SERIES  01'  CAMEOS  FROM  ENGLISH 
HISTORY— TWS.  WARS  OF  THE  ROSES.  New  Edition. 
Extra  fcap.  Svo.  5^. 

A  FOURTH  SERIES.  [In  the  press. 

EUROPEAN  HISTORY.  Narrated  in  a  Series  of 
Historical  Selections  from  the  Best  Authorities.  Edited  and 
arranged  by  E.  M.  Sewell  and  C.  M,  Yonge.  First  Series, 
1003—1154,  Third  Edition,  Crown  Svo,  6j.  Second 
Series,  1088— 1228.    New  Edition.    Crown  Svo.  6j. 


DIVINITY. 

*,*  For  other   Works   by  these  Authors,   see  Theologicai, 

Catalogue,  ja 

ABBOTT  (REV,  E,  K.)— BIBLE  LESSONS.  By  the  Rev. 
E.  A,  Abbott,  D.D.,  Head  Master  of  the  City  of  London 
School.    New  Edition.    Crown  Svo,    4^.  (td. 

"Wise,  suggestive,  and  really  profound  initiation  into  religious  thought. " 
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ARNOLD—^  BIBLE-READING  FOR  SCffOOZS—TIiK 
GREAT  PROPHECY  OF  ISRAEL'S  RESTORATION 
(Isaiah,  Chapters  xl.— Ixvi.).  Arranged  and  Edited  for  Young 
Learners.  By  Matthew  Arnold,  D.C.L.,  formerly 
Professor  of  Poetiy  in  the  University  of  Oxford,  and  Fellow 
of  OrieL    New  Edition.    i8mo.  cloth,  u, 

ISAIAH  XL.—LXVL  With  the  Shorter  Prophecies  allied 
to  it.  Arranged  and  Edited,  with  Notes,  by  Matthew 
Arnold.    Crown  8vo.  5j. 

GOLDEN  TREASURY  PSALTER— Students'  Edition.  Being 
an  Edition  of  "The  Psalms  Chronologically  Arranged,  by 
Four  Friends,"  with  briefer  Notes.    i8mo.    3J-.  (>d. 

GREEK  TESTAMENT.  Edited,  with  Introduction  and  Appen- 
dices, by  Canon  Westcott  and  Dr.  F.  J.  A.  Hort.  Two 
Vols.    Crown  Svo.  [/«  the  press. 

HARDWICK — Works  by  Archdeacon  Hardwick. 

A  HISTORY  OF  THE  CHRISTIAN  CHURCH. 
Middle  Age.  From  Gregory  the  Great  to  the  Excommuni- 
cation of  Luther.  Edited  by  William  Stubbs,  M.A.,  Regius 
Professor  of  Modem  History  in  the  University  of  Oxford. 
With  Four  Maps  constructed  for  this  work  by  A.  Keith  John- 
■■STON,    Fourth  Edition.    Crown  Svo.    lOj.  (id. 

A  HISTOR  V  OF  THE  CHRISTIAN  CHURCH  DURING 
THE  REFORM  A  TION.  Fourth  Edition.  Edited  by  Pro- 
fessor Stubbs.    Crown  Svo.    \os.  6d. 

KINQ— CHURCH  HISTORY  OF  IRELAND.  By  the  Rev. 
Robert  King.    New  Edition.    2  vols.    Crown  Svo. 

[/«  preparation. 

MACLEAR— Works  by  the  Rev.  G.  F.  Maclear,  D.D,,  Head 
Master  of  King's  College  School. 

A  CLASS-BOOK  OF  OLD  TESTAMENT  HISTORY. 
,  New  Edition,  with  Four  Maps.    iSmo.    e^.  6d. 

A  CLASS-BOOK  OF  NEW  TESTAMENT  HISTORY, 
including  the  Connection  of  the  Old  and  New  Testament 
With  Four  Maps.    New  Edition.    iSnio.    Sf.  6a. 
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MACLEAR  Continued — 

A  SHILLING  BOOK  OF  OLD  TESTAMENl 
HISTORY,  for  National  and  Elementary  Schools.  With 
Map.    i8mo.  cloth.    New  Edition. 

A  SHILLING  BOOK  OF  NEW  TESTAMENT 
HISTORY,  for  National  and  Elementaiy  Schools.  With 
Map.    i8mo.  cloth.    New  Edition. 

These  works  have  been  carefully  abridged  from  the  author's 
larger  manuals. 

CLASS-BOOK  OF  7  HE  CATECHISM  OF  THE 
CHURCH  OF  ENGLAND.    New  Edition.    i8mo,  cloth, 

A  FIRST  CLASS-BOOK  OF  THE  CATECHISM  OF 
THE  CHURCH  OF  ENGLAND,  with  Scripture  Proofs, 
for  Junior  Classes  and  Schools.    i8mo.    6d.    New  Edition. 

A  MANUAL  OF  INSTRUCTION  FOR  CONFIRMA- 
TION  AND  FIRST  COMMUNION.  WITH  PRA  YERS 
AND  DEVOTIONS.    32mo.  cloth  extra,  red  edges,  2s. 

Vl-CJ.-E.J,l^N—THE  NEW  TESTAMENT.  A  New  Trans- 
lation on  the  Basis  of  the  Authorised  Version,  from  a  Critically 
revised  Greek  Text,  with  Analyses,  copious  References  and 
lUustrations  Jrorn  original  authorities,  New  Chronological 
and  Analytical  Harmony  of  the  Four  Gospels,  Notes  and  Dis- 
sertations. A  contribution  to  Christian '  Evidence.  By  John 
Brown  M'Clellan,  M.A.,  late  Fellow  of  Trinity  College, 
Cambridge.  In  Two  Vols,  Vol.  I.-The  Four  Gospels  with 
the  Chronological  and  Analytical  Harmony.    Svo.  30j-. 

rw^.VVp*  most  remarkable  productions  of  recent  times,"  says  the 
l^jTnL  ''^P^^ent  of  sacred  literature  "  and  the 

B^^sh  Quarterly  Revtew  terms  it  "a  thesaurus  of  first-hand  investiga- 


AURlOE-r^^  LORD'S  PRAYER,  THE  CREED,  AND 
THE  COMMANDMENTS  Manual  for  Parents  and  School- 
masters. To  which  is  added  the  Order  of  the  Scriptures.  By  the 
Rev.  F.  Denison  Maurice,  M,A.    i8mo.  doth,  limp, 
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PROCTER—^  HISTORY  OF  THE  BOOfC  OF  COMMON 
PRAYER,  with  a  Rationale  of  its  Offices.  By  Francis 
Proctbr,  M.A.  Thirteenth  Edition,  revised  and  enlarged. 
Crown  8vo.    lar.  dd. 

ROCTER  AND  -HlKQ^iRKB.— AN  ELEMENTARY  INTRO. 
DUCTION  TO  THE  BOOK  OF  COMMON  PRAYER. 
Re-arranged  and  supplemented  by  an  Explanation  of  the 
Morning  and  Evening  Prayer  and  the  Litany.  By  the 
Rev.  F.  Procter  and  the  Rev.  Dr.  Maclear.  New 
and  Enlarged  Edition,  containing  the  Communion  Service  and 
the  Confirmation  and  Baptismal  Offices.    i8mo.    2s.  6d. 

PSAIiMS  OF  DAVID  CHRONOLOGIOALLY  ARRANGED. 
Ey  Four  FriendB.  An  Amended  Version,  with  Historical 
Introduction  and  Explanatory  Notes.  Second  and  Cheaper 
Edition,  with  Additions  and  Corrections.    Cr.  Svo.  6d. 

VLA.l!ILBAy--THE  C A  TECmSER'S MANUAL ;  or,  the  Church 
Catechism  Illusti-ated  and  Explained,  for  the  Use  of  Clergy- 
men, Schoolmasters,  and  Teachers.  By  the  Rev.  Arthur 
Ramsav,  M.A.    New  Edition.    i8nio.    is.  6d. 

BHVIVBON— AN  EPITOME  OF  THE  HISTORY  OF  THE 
'CHRISTIAN  CHURCH.  By  William  Simpson,  M.A. 
New  Edition.    Fcap.  Svo.    3^.  td. 

TRENCH— By  R.  C.  TRENCH,  D.D.,  Archbishop  of  Dublin. 

LECTURES  ON  MEDIEVAL   CHURCH  HISTORY. 

Being  the  substance  of  Lectures  delivered  at  Queen's  College, 

London.    Second  Edition,  revised.    Svo.  iZf. 

SYNONYMS  OF  THE  NEW  TESTAMENT.  Eighth 

Edition,  revised.    Svo.  \2s. 
WESTCOTT— Works  by  Brooke  Foss  Westcott,  D.D,,  Canon 

of  Peterborough. 

A  GENERAL  SURVEY  OF  THE  HISTORY  OF  THE 
CANON  OF  THE  NEW  TESTAMENT  DURING  THE 
FIRST  FOUR  CENTURIES.  Fourth  Edition.  Witli 
Preface  on  "  Supernatural  ReUgion."  Crown  Svo.  lo^.  6^. 
INTRODUCTION  TO  THE  STUDY  OF  THE  FOUR 
GOSPELS.    Fifth  Edition.    Crown  Svo.    lo^.  6d. 
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WESTCOTT  Continued — 

THE  BIBLE  IN  THE  CHURCH.  A  Popular  Account 
of  tlie  Collection  and  Reception  of  the  Holy  Scriptures  in 
the  Christian  Churches.  New  Edition.  i8mo.  cloth. 
4J-.  6d. 

THE  GOSPEL  OF  THE  RESURRECTION.  Thoughts 
on  its  Relation  to  Reason  and  History.  New  Edition. 
CrowTi  8vo.  6s. 

V/IJ^SOU -THE  BIBLE  STUDENT'S  GUIDE  to  the  more 
Correct  Understanding  of  the  English  Translation  of  the  Old 
Testament,  by  reference  to  the  original  Hebrew.  By  William 
Wilson,  D.D.,  Canon  of  Winchester,  late  Fellow  of  Queen's 
College,  Oxford.  Second  Edition,  carefully  revised.  4to. 
cloth.  25^. 

YONGE  (CHARLOTTE  tll.y— SCRIPTURE  READINGS  FOR 
SCHOOLS  AND  FAMILIES.    By  Charlotte  M.  Yonge, 
i      Author   of   "The   Heir   of  Redclyffe." 

First  Series.  Genesis  to  Deuteronomy.  Globe  8vo. 
is.  6d.    With  Comments,  31.  6d. 

Second  Series.  From  Joshua  to  Solomon.  Extra  fcap. 
Svo.    IS.  6d.    With  Comments,  3^.  6d. 

Third  Series.  The  Kings  and  the  Prophets.  Extra  fcap. 
Svo.    is.  6d.    With  Comments,  3^.  6d. 

Fourth  Series.  The  Gospel  Times,  is.  6d.  With 
Comments,  extra  fcap.  8vo.,  3^.  6d.l 

Fifth  Series.  Apostolic  Times.  Extra  fcap.  Svo.  is.  6d. 
With  CommeBts,  3^,  6d. 

MISCELLANEOUS. 

Including  works  on  English,  French,  and  German  Language  and 
Literature,  Art  Hand-books,  &^c.,  &'c. 

ABBOTT-^  SHAKESPEARIAN  GRAMMAR.  An  Attempt 
to  illustrate  some  of  the  Differences  between  Elizabethan  and 
Modam  English.  By  the  Rev.  E.  A.  Abbott,  D.D.,  Head 
Master  of  the  City  of  London  School.  New  Edition.  Extra 
fcap.  Svo.  bs. 
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ANDERSON  — ZZA^^^i?  PERSPECTIVE,  AND  MODEL 
DRA  WING.  A  School  and  Art  Class  Manual,  with  Questions 
and  Exercises  for  Examination,  and  Examples  of  Examination 
Papers.  By  Laurence  Anderson.  With  Illustrations. 
Royal  8vo.  2s. 

BARKER— LESSONS  IN  THE  PRINCIPLES  OF 
COOKING.    By  Lady  Barker.    New  Edition.    i8mo,  is, 

BEAUMARCHAIS— BARBIER  DE  SE  VILLE.  Edited, 
with  Introduction  and  Notes,  by  L.  P.  Blouet,  Assistant 
Master  in  St.  Paul's  School.    Fcap.  8vo,    3J,  dd. 

BERNERS— .TOTJ^T'  LESSONS  ON  HEALTH.  By  J.  Ber- 
NERS.    New  Edition.    iSmo.  \s. 

BhAHlSTOVS— THE  TEACHER.  Hints  on  School  Manage- 
ment. A  Handbook  for  Managers,  Teachers'  Assistants,  and 
Pupil  Teachers.  By  J.  R.  Blakiston,  M.A.  Crown  Svo. 
2s.  6d. 

"  Into  a  comparatively  small  book  he  has  crowded  a  great  deal  of  ex- 
ceedine;ly  useful  and  sound  advice.  It  is  a  plain,  common-sense  book, 
full  of  hints  to  the  teacher  on  the  management  of  his  school  and  his 
children.— School  Board  Chronicle. 

BREYMANN — Works  by  Hermann  Breymann,  Ph.D.,  Pro- 
fessor  of  Philology  in  the  University  of  Munich. 
A  FRENCH  GRAMMAR  EASED  ON  PHILOLOGICAL 
PRINCIPLES.    Second  Edition.    Extra  fcap.  Svo.    4r.  dd. 
FIRST  FRENCH  EXERCISE  BOOK.    Extra  fcap.  Svo. 

SECOND  FRENCH  EXERCISE  BOOK.  Extra  fcap.  Svo. 
2s.  6d. 

C  ALD  E-R-WOOV— HANDBOOK  OF  MORAL  PHIL  OSOPHY. 
By  the  Rev.  Henry  Calderwood,  LL.D.,  Professor  ot 
Moral  Philosophy,  University  of  Edinburgh.  Fifth  Edition. 
Crown  Svo.  ts. 

DELAMOTTE— ^  BEGINNER'S  DRAWING  BOOK.  By 

P.  H.  Delamotte,  F.S.A,    Progressively  aiTanged.  New 

Edition  improved.    Crown  Svo.    Zs.  6d. 
ENGLISH  WRITERS— Edited    by  JOHN   RICHARD  Green. 

Fcap.  Svo.    Price  i^.  6d.  each. 

MILTON.    By  the  Rev.  Stopford  A.  Brooke. 
Othe7-s  to  follow, 
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FAWCETT— r^Z^^  IN  POLITICAL  ECONOMY.  By 
MiLLiCENT  Garrett  Fawcett.    Globe  8vo.  3^. 

T-EJi.-RO-!fi— SCHOOL  INSPECTION.  By  D.  R.  Fearon, 
M.A.,  Assistant  Commissioner  of  Endowed  Schools.,  Third 
Edition.    Crown  8vo.    2s.  6d. 

GhATySTONE— SPELLING  REFORM  FROM  AN  EDU- 
CATIONAL POINT  OF  VIEW.  By  J.  H.  Gladstone, 
Ph.D.,  F.R.S.,  Member  for  the  School  Board  for  London. 
New  Edition.  Crown  8vo.    is.  6d. 

GOLDSMITH— T^y^  TRA  VELLER,  or  a  Prospect  of  Society  ; 
and  THE  DESERTED  VILLAGE.  By  Oliver  Gold- 
smith. With  Notes  Philological  and  Explanatory,  by  J.  W. 
Hales,  M.A.    Crown  8vo.  6d. 

G-R-EEN— READINGS  FROM  ENGLISH  HISTORY.  Se- 
lected and  Edited  by  John  RichArd  Green,  M.A.,  LL.D., 
Honorary  Fellow  of  Jesus  College,  Oxford.  Thi-ee  Parts. 
Globe  8vo.  is.  6d.  each.  I.  Plengist  to  Cressy.  II.  Cressy 
to  Cromwell.    III.  Cromwell  to  Balaklava. 

llATa-ES— LONGER  ENGLISH  POEMS,  with  Notes,  Philo- 
logical  and  Explanatory,  and  an  Introduction  on  the  Teaching 
of  English.  Chiefly  for  Use  in  Schools.  Edited  by  J.  W. 
Hales,  M.A,  Professor  of  English  Literature  at  King's 
College,  London,  &c.  &c.  New  Edition.  Extra  fcap  8vo 
4J.  6d. 

HOLE— ^  GENEALOGICAL  STEMMA  OF  THE  KINGS 
OF  ENGLAND  AND  FRANCE.    By  the  Rev.  C.  Hole 
On  Sheet,  is. 

JOHNSON'S  LIVES  OF  THE  POETS.  The  Six  Chief  Lives 
(MUton,  Di7den,  Swift,  Addison,  Pope,  Gray),  with  Macaula^s 
"Life  of  Johnson."  Edited  with  Preface  by  Matthew 
Arnold.    Crown  8vo.  6s. 

LITERATURE  PRIMERS-Edited  by  JOHN  RiCHARD  GrEEN 

Author  of  "  A  Short  History  of  the  English  People." 
ENGLISH  GRAMMAR.    By  the  Rev.  R.  Morris,  LL  D 
sometime   President   of  the   Philological  Society.  i8mo! 
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LITERATURE  PRIMERS  Continued— 

ENGLISH  GRAMMAR  EXERCISES.  By  R.  Morris, 
LL.D.,  and  H.  C.  Bowen,  M.A.    iSmo.  is. 

THE  CHILDREN'S  TREASURY  OF  LYRICAL 
POETRY.  Selected  and  arranged  with  Notes  by  Francis 
Turner  Palgrave,    In  Two  Parts.    iSmo.    is.  each. 

ENGLISH  LITERATURE,  By  the  Rev.  Stopford 
Brooke,  M.A.    New  Edition.    i8mo.  is. 

PHILOLOGY.    By  J.  Peile,  M.A.    i8mo.  is. 

GREEK  LITERATURE.  By  Professor  Jebb,  M.A.  l8mo.  i^. 

SHAKSPERE.    By  Professor  Dowden.    iBmo.  is. 

HOMER.  By  the  Right  Hon.  W.  E.  Gladstone,  M.P. 
iSmo.  IS. 

ENGLISH  COMPOSITION.  By  Professor  Nichol.  iSmo. 

IS. 

In  preparation  : — 

LA  TIN  LITER  A  TURE.    By  Professor  Seeley. 

HISTORY  OF  THE  ENGLISH  LANGUAGE.  By 
J.  A.  H.  Murray,  LL.D. 

MACMILLAN'S  COPY-BOOKS— 

Published  in  two  sizes,  viz.': — 

1.  Large  Post  4to.    Price  4^.  each. 

2.  Post  Oblong.    Price  ia.  each. 

*i.  INITIATORY  EXERCISES  i5h  SHORT  LETTERS. 
*2.  WORDS  CONSISTING  .OF  SHORT  LETTERS. 

*3.  LONG  LETTERS.  "With  vioj^s  containing  Long 
Letters — Figures. 
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MACrYHIiLAN'S  COPY-BOOKS  Continued— 

*4,  WORDS  CONTAINING  LONG  LETTERS. 

4a.  PRACTISING  AND  REVISING  COPY-BOOK.  For 
Nos.  I  to  4. 

*5.  CAPITALS  AND  SHORT ; HALF- 7 EX  T.  Words 
beginning  wnth  a  Capital. 

*6.  HALF-TEXT  WORDS,  beginning  with  a  Capital- 
Figures. 

*7.  SMALL-HAND  AND  HALF-TEXT.  With  Capitals 
and  Figures. 

*8.  SMALL-HAND  AND  HALF-TEXT.  With  Capitals 
and  Figures. 

8a.  PRACTISING  AND  REVISING  COPY-BOOK.  For 
Nos.  S  to  8. 

*9.  SMALL-HAND  SINGLE  HEADLINES— Figaics. 
10.  SMALL-HAND  SINGLE  HEADLINES— Figures. 
*ii.  SMALL-HAND  DOUBLE  HEADLINES— Figmc-.. 

12.  COMMERCIAL  \  AND  ARITHMETICAL  EX- 
AMPLES, 

12a.  PRACTISING  A  P/D  REVISING  COPY-BOOK.  For 
Nos.  S  to  12. 

*  T/icse  numbers  may  bi  had  vj'Uli  Goodman's  Patent  Sli/iing  , 
.  Copies.    Large  Post  4to.    Price  ^d.  each. 

By  a  simple  device  the  copies,  which  are  printed  upon  separate 
slips,  are  arranged  with  a  movable  attachment,  by  which  they 
are  adjusted  so  as  to  be  directly  before  the  eye  of  the  pupil  at 
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MACMIIiIiAN'S  COPY-BOOKS  Continiud— 

all  points  of  his  progress.  It  enables  him,  also,  to  keep  his 
own  faults  concealed,  vA'Ca.  perfect  models  constantly  in  view 
for  imitation.  Every  experienced  teacher  knows  the  advantage 
of  the  slip  copy,  but  its  practical  application  has  never  before 
been  successfully  accomplished.  This  feature  is  secured  ex- 
clusively to  Macmillan's  Copy-books  under  Goodman's  patent. 

An  inspection  of  boolcs  written  on  the  old  plan,  w  ith  copies 
at  the  head  of  the  page,  will  show  that  the  lines  last  written  at 
the  bottom  are  almost  invariably  the  poorest.  The  copy  has 
been  too  far  from  the  pupil's  eye  to  be  of  any  practical  use, 
and  a  repetition  and  exaggeration  of  his  eiTors  have  been  the 
result. 


MACMIIiIiAN'S  PROGRESSIVE  FRENCH  COURSE— By 

G.  Eugene-Fasnacht,  Senior  Master  of  Modem  Languages, 
Harpur  Foundation  Modern  School,  Bedford. 
I.— First  Year,  containing  Easy  Lessons  on  the  Regular  Ac- 
cidence.   Extra  fcap.  8vo.  is. 

jj_  Second  Year,  containing  Conversational  Lessons  on 

Systematic  Accidence  and  Elementary  Syntax.  With  Philo- 
logical Illustrations  and  Etymological  Vocabulary.    \s.  6d. 

1MACWIII.I.AK'S  PROGKESSIVB  GERMAN  COURSE— By 

G.  Eugene  Fasnacht. 

Part  I.— First  Year.  Easy  Lessons  and  Rules  on  the  Regular 
Accidence.    Extra  fcap.  Svo.    is.  6d. 

Part  II.— Second  Year.  Conversational  Lessons  in  Sys- 
tematic Accidence  and  Elementary  Syntax.  With  Philological 
Illustrations    and  Etymological   Vocabulary.     Extra  fcap. 

Svo.  2S. 

MARTIN  -  THE  POET'S  HOVR:  Poetiy  selected  and 
arranged  for  Children.  By  FRANCES  Martin.  Third 
Edition.    i8mo.    2j.  dd. 

SPRING-TIME  WITH  THE  POETS:  Poetry  selected  by 
"Frances  Martin.    Second  Edition.    iSmo.   is.  ^d. 
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MASSON  (GUSTAVE)— ^  COMPENDIOUS  DICTIONARY 
OF  THE  FRENCH  LANGUAGE  (French-English  and 
English-French).  Followed  by  a  List  of  the  Principal  Di- 
verging Derivations,  and  preceded  by  Chronological  and 
,  Historical  Tables.  By  Gustave  Masson,  Assistant-Master 
and  Librarian,  Harrow  School  Fourth  Edition,  Crown  8vo. 
half-bound,  ds. 

VLO^rkK^—LE  MALADE  IMAGINAIRE.  Edited,  with 
Introduction  and  Notes,  by  Francis  Tarver,  M.A.,  Assistant- 
Master  at  Eton.    Fcap.  8vo,  [/« preparation. 

MORRIS — Works  by  the  Rev.  R.  MoRRJS,  LL.D.,  Lecturer 
on  Erjjjlish  Language  and  Literature  in  King's  College 
School. 

HISTORICAL  OUTLINES  OF  ENGLISH  ACCIDENCE, 
comprising  Chapters  on  the  History  and  Development  of  the 
Language,  and  on  Word-formation.  New  Edition,  Extra 
fcap,  8vo.  6j-. 

ELEMENTARY  LESSONS  IN  HISTORICAL 
ENGLISH  GRAMMAR,  containing  Accidence  and  Word- 
formation.    New  Edition.    iSmo.    2s.  6d. 

■  PRIMER  OF  ENGLISH  GRAMMAR,    igmo.,',':  w,i,';[,j„%i 
NICO-U— HISTORY  OF    THE    FRENCH  LANGUAGE, 
with  especial  reference  to  the  French  element  in  English.  By 
Henry  Nicol,  Member  of  the  Philological  Society. 

[In  preparation. 

01.1V^ ANT— THE  OLD  AND  MIDDLE  ENGLISH.  A 
New  Edition  of  "  THE  SOURCES  OF  STANDARD 
ENGLISH,"  revised  and  greatly  enlarged.  By  T.  Kington 
Oliphant.    Extra  fcap.  Svo.  91. 

PALGRAVE— r^iS  CHILDREN'S  TREASURY  OF 
LYRICAL  POETRY.  Selected  and  Arranged  with  Notes 
by  Francis  Turner  Palgrave.  iSmo,  2s.  6d.  Also  in 
Two  parts,    iSmo,    is.  each. 

PLUTARCH— Being  a  Selection  from  the  Lives  which  Illustrate 
Shakespeare.  North's  Translation.  Edited,  with  Intro- 
ductions, Notes,  Index  of  Names,  and  Glossarial  Index,  by 
the  Rev.  W.  W.  Skeat,  M.A.    Crown,  Svo.    6^.  ,  , 
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PYLODET— -A^^JT  GUIDE  TO  GERMAN  CONVERSA- 
TION: containing  an  Alphabetical  List  of  nearly  800  Familiar 
Words  followed  by  Exercises,  Vocabulary  of  Words  in  frequent 
use  ;  Fainiliar  Phrases  and  Dialogues ;  a  Sketch  of  German 
Literature,  Idiomatic  Expressions,  &c.  By  L.  Pylodet. 
i8mo.  clotli  limp,    zs,  6d. 

jtl-  liril 

A  SYNOPSIS  OF  GERMAN.  GRAMMAR.  .  Wipm-M 
above.    iSmo.    6d.  .  '  ,!h  i 

■      .   •  '  i  .  r  ir.  ■;  -■!'.;:  I ■! 

READING  BOOKS— Adapted  to  the  English  and  Scotch  Codes. 
13"'  Bound- in  Cloth.  -v^''  -jil!  -(..I       w7 -Bia^fOM 

PRIMER.    i8mo.  (48pp.)"2</. 

POQ^  J.  for  Standard   I.  iSmo.  (96  pp.)  ^. 

„      11.        „  II.  iSmo.  (144  pp.)  S<^' 

„     III.        „  III.  i8mo.  (160  pp.)  6(1. 

„     IV.        „  IV.  i8mo.  (176  pp.)  Sa. 

A        ft..  vY-'  H   ■-^>  V.  i8mo.  (380pp.)  i^. 

. I              yi.  /,:.,  ,  „  VI.  Crown  8vo.    (43°  PP-)  2J. 

Book  VI.  is  fitted'  for  higher  Classes,  and  as  an  Introduction  to 

English  Literature. 

''They  are  far  a,bove  any  others  that  have  appeared  both  in  form:  and 
substance.  .  .  .  Tlie  editor  of  the  present  series  has  rightly  seen  that 
reading  books  must  'aim  chiefly  at  Riving  to  the  pupils  the  power  of 
accurate,  and,  if  possible,  apt  and  skilful  expression";  at  cultivating  in 
them  a  good  literary  taste,  and  at  arousing  a  desire  of  furiher  reading. 
This  is  done  by  taking  care  to  select  the  extracts  from  true  Engliiih  classics, 
going  up  in  Standard  VI.  course  to  Chaucer,  Hooker,  and  Bacon,  as  well 
as  Wordsworth,  Macauiay,  and  Froude.  .  .  .  This  is  quite  on  the  right 
track,  and  indicates  justly  the  ideal  which  we  ought  to  set  before  us."— 
Guardian. 

SHAKESPEASE— ^  SHAKESPEARE  MANUAL,  By  F.  G. 
Fleay,  M.A.,  late  Head  Master  of  Skipton  Grammar  School. 
Second  Edition.    Extra  fcap.  8vo.    4f.  dd, 

■    AN  ATTEMPT  TO  DETERMINE   THE  CHRONO- 
LOGICAL    ORDER   OF  SHAKESPEARE'S  PLAYS. 
.y,,..,By  the  Rev.  H.  Paine  Stokes,  B.A.    Extra  fcap.  8vo, 
4J.  6d. 

■'  '  THE  TEMPEST.    With.  Glossarial  and  Explanatory  Notes. 
By  the  Rev.  J.  M.  J^EVHSON.    Second  Edition,    i8mo.  is. 
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;SONNENSCHEIN  and  MEIKLEJOHN  —  ^^-S  ENGLISH 
METHOD  OF  TEACHING  TO  READ.  By  ,A.  SoN- 
NENSCHEiN  and  J.  M.  D.  MeiklejohNj  M,  A.    Fcap,  8vo. 

COMPRISING  : 

THE  NURSERY  BOOK,  containiiig  all  the  Tu-o-Letter 
Words  in  the  Language,  id.  (Also  in  Large  Type  on 
Sheets  for  School  Walls.  5^.) 

THE  FIRST  COURSE,  consisting  of  Short  Vowels  with 
Single  Consonants.  6ar, 

THE  SECOND  COURSE,  with  Combinations  and  Bridges, 
consisting  of  Short  Vowels  with  Double  Consonants.    6d.  j 

J  :jATHE  THIRD  AND  FOURTH  COURSES,  consisting  of 
ovB  .     Long  Vowels,  and  all  the  Double  Vowels  in  the  Language.; 
6d. 

"  These  are  admirable  books,  because  they  are  constructed  on  a  prin- 
ciple, and  that  the  simplest  principle  on  which  it  is  possible  to  learn  to  read 
English.' — Spectator. 

■TAtHN-ETSt.— FIRST  PRINCIPLES  OF  A GRICUL TURE.  By 
■"  '  H.    Tanner,   F.C.S.,   Professor  of  Agricultural  Science, 
University  College,  Aberystwith,  &q.    iSmo.  \s. 

TA-YlsO-R— WORDS  AND  PLACES;  or.  Etymological  Illus- 
trations  of  History,  Ethnology,  and  Geography.  By  the  Rev. 
Isaac  Taylor,  M.A.  Third  and  cheaper  Edition,  revised 
and  compressed.    Witli  Maps.    Globe  8vo.  6s. 

A  HISTORY  OF  THE  ALPHABET.  By  the  same 
Author.  ,  . ,  \Inprepa.ratiqn. 

TAYLOR—^  PRIMER  OF  PIANOFORTE  PLA  YING.  By 
Franklin  Taylor.  Edited  by  George  Grqve.   i8mo.  is. 

THansiTiaEnan  —  HOUSEHOLD  '  MANAGEMENT  UND 
COOKERY.  With  an  Appendix  of  Recipes  used  by  the 
Teachers  of  tlie  National  School  of  Cookery.  By  W.  B. 
Tegetmeier.  Compiled  at  the  request"  of  the  School  Board 
for  London.    i8mo.    is.  ,.,  , 
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THRING — Works  by  EDWARD  Thring,  M.A.,  Head  Master  of 
' "  ' '  Uppingham.  ' 

THE  ELEMENTS  OF  GRAMMAR  TAUGH7  IN 
ENGLISH.    With  Questions.    Fourth  Edition.    i8mo.  2s. 

THE  CHILD'S  GRAMMAR.  Being  the  Substance  of 
"The  Elements  of  Grammar  taught  in  English,"  adapted  for 
the  Use  of  Junior  Classes.    A  New  Edition.    iSmo.  \s, 

SCHOOL  SONGS.  A  Collection  of  Songs  for  Schools. 
With  the  Music  arranged  for  four  Voices.  Edited  by  the 
Rev.  E.  Thring  and  H.  Riccius.    Folio,    p.  6d, 

TRENCH  (ARCHBISHOP)— Works  by  R.  C.  TRENCH,  D.D., 

Archbishop  of  Dublin. 
'  ■     HOUSEHOLD  BOOK  OF  ENGLISH  POETRY.  Selected 

and  Arranged,  with  Notes.  Third  Edition.    Exbra  fcap.  8vo. 

-ON   THE   STUDY   OF   WORDS.     Lectures  addressed 
(originally)  to  the  Pupils  at  the  Diocesan  Training  School, 
rr    Wmchester.    Seventeenth  Edition,  revised.    Fcap.  8vo.  5j. 

ENGLISH,   PAST  AND  i  PRESENT.     Tenth  Edition, 
revised  and  improved.    Fcap.  8vo.  5^. 
A  SELECJ  GLOSSARY  OF  ENGLISH  WORDS,  used 
formerly  in  Senses  Different  from    their  Present,  Fcap. 
■  Svo.   4f.  6d.  ^'i^'io''  ^"^  i^<'i>^'"- 

VAVGUANiC.  fa.)- WORDS  FROM  THE   POETS.  By 
C,  M.  Vaughan.    Eighth  Edition.  ,  i8mo.  cloth,  is. 

Vf^l^-HARRISON  WEIR'S  DRAWING  COPY-BOOKS. 

Oblong  4to.    L  Animals.  [In  preparaUon. 

V/HITNEY-Works  by  WILLIAM  D.  WHITNEY,  Professor  of 
Sanskrit  and  Instructor  in  Modem  Languages  in  Yale  College ; 
^       first  President  of  the  American  PhUological  Association,  and 
'  hon.  member  of  the  Royal  Asiatic  Society  of  Great  Britain  and 
fi     Ireland  ;  and  Correspondent  of  the  Berlin  Academy  of  Sciences. 
A    COMPENDIOUS   GERMAN  GRAMMAR.  Crown 
8vo.   4J.  6d.  ^i  «<1 
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WHITNEY  Continued— 

A  GERMAN  READER  IN  PROSE  AND  VERSE,  with 
Notes  and  Vocabulary.    Crown  Svo.    5^.  ,  vni 

WRIGHT- 77/^  SCHOOL  COOKERY  BOOK.  Compiled 
and  Edited  by.  C.  E.  GuTHRiE  Wright,  Hon.  Sec.  to  the 
Edinburgh  School  of  Cookery.    iSmo.  I^. 

Sir  T  D  ACLAND,  Enrt,  says  of  this  book:— "I  think  the  "  School 
Cookery'  Book  "  the  best  cheap  manual  which  I  have  seen  on  the  subject. 
I  hope  teachers  will  welcome  it.  But  it  seems  to  me  hkely  to  be  _even 
more^useful  for  domestic  purposes  in  all  ranks  short  of  those  served  by 
professed  cosks.  The  receipts  are  numerous  and  precise,  the  explana- 
uon  of  principles  clear.  The  chapters  on  the  adaptaUon  of  food  to 
v^ying  circumstances,  age,^  cUmate,  employment,  health,  and  on  infants 
food,  seem  to  me  excellent." 


!).: 


WHITNEY  AND  EDGREN— COMPENDIOUS  GERMAN 
AND  ENGLISH  DICTIONARY,  with  Notation  of  Cor- 
respondences and  Brief  Etymologies.  By  Professor  W.  D, 
Whitney,  assisted  by  A.  H.  Edgren.  Crown  Svo.  Is.ed. 
THE  GERMAN-ENGLISH  PART,  separately,  5^. 

YONGE  (CHARLOTTE  ^.)—THE  ABRIDGED  BOOK  OF 
GOLDEN  DEEDS.  A  Reading  Book  for  Schools  and 
general  readers.  By  the  Author  of  "The  Heir  of  Red- 
clyfife."    i8mo.  cloth,  if. 


MACMILLAN'S 

GLOBE  LIBRARY. 

-Beautifully  printed  on  toned  paper,  price  3J.  6^,  each.    Also  kept 
m  various  morocco  and  calf  bindings,  at  moderate  prices. 
The  Salurday  Review  says  :— "  The  Globe  Editions  are  admirable 
for  their  scholarly  editing,  their  typograpliical  excellence,  their 
compendious  form,  and  their  cheapness. " 

,  The  Daily  Telegraph  calls  it  "  a  series  yet  unrivalled  for  its  com- 
bmation  of  excellence  and  cheapness." 

SHAKESPEARE'S  COMPLETE  V/ORKS.  Edited  by  W.G 
Clark,  M,A,,  and  W.  Aldis  Wright,  M.A,   With  Glossary! 

MORTE  U ARTHUR.     Sir  Thomas  Malory's  Book  of  King 
Arthur  and  of  his  Nolile  Knights  of  the  Round  Table.  The 
,    ..Edition  of  Caxton,  revised  for  Modern  Use.    With  an* Intro- 
'  ■^•'>'duction,  Notes,  and  Glossary,  by  Sir  Edward  Strachey. 

B URNS' S  COMPLETE  WORKS:  the  Poems,  Songs,  and 
•' ■  -Letters.  Edited,  with  Glossarial  Index  and  Biogi-aphical 
.'.lU  .■.-Memoir,  by  Alexander  Smith. 

ROBINSON  CRUSOE.  Edited  after  the  Original  Editions,  with 
Biographical  Introduction,  by  Hknry  Kingsley. 

SCOTT'S  POETICAL  WORKS.  With  Biographical  and  Critical 
Essay,  by  Francis  Turner  Palgrave. 

GOLDSMITH'S  MISCELLANEOUS  WORKS.  With  Bio- 
graphical  Introduction  by  Professor  Masson. 

SPENCER'S  COMPLETE  WORKS.  Edited,  with  Glossary, 
by  R.  Morris,  and  Memoir  by  J.  W.  Hales. 

POPE'S  POETICAL  WORKS.  Edited,  with  Notes  and  Intro- 
ductory  Memoir,  by  Professor  Ward. 

DRYDEN'S  POETICAL  WORKS.  Edited,  with  a  Revised 
Text  and  Notes,  by  W.  D.  Christie,  M.A.,  Trinity  College, 
Cambridge. 

COWPER'S  POETICAL  WORKS.  Edited,  with  Notes  and 
Biographical  Introduction,  by  W.  Benham. 

VIRGIL'S  WORKS.  Rendered  into  English  Prose.  With  Intro- 
ductions.  Notes,  Analysis,  and  Inde.x,  by  J.  Lonsdale,  M.A., 
and  S.  Lee,  M.A. 

11  OR  A  CE.  Rendered  into  English  Prose.  With  running  Analysis, 
Introduction,  and  Notes,  by  J.  Lonsdale,  M.A.,  and  S.  Lee, 
M.A. 

MILTON'S  POETICAL  WORKS.  Edited,  with  Introductions, 
&c.,  by  Professor  Masson. 


Published  evay  Thursday,  price  6d. ;   Monthly  parts, 
2S.  and2s.  ed.,  Half-^eany  Volumes,  15^. 


AN  ILLUSTRATED  JOURNAL  OF  SCIENCE. 

Nature  expounds  in  a  popular  and  yet  authentic 
manner,  the  Grand  Results  of  Scientific  Research, 
discussing  the  most  recent  scientific  discoveries,  and 
pointing  out  the  bearing  of  Science  upon  civilisation 
and  progress,  and  its  claims  to  a  more  general  recog- 
nition, as  well  as  to  a  higher  place  in  the  educational 
system  of  the  country. 

It  contains  original  articles  on  all  subjects  within  the 
domain  of  Science ;  Reviews  setting  forth  the  nature  and 
value  of  recent  Scientific  Works;  Correspondence 
Columns,  forming  a  medium  of  Scientific  discussion  and 
of  intercommunication  among  the  most  distinguished 
men  of  Science ;  Serial  Columns,  giving  the  gist  of  the 
most  important  papers  appearing  in  Scientific  Journals, 
both  Home  and  Foreign;  Transactions  of  the  prin- 
cipal Scientific  Societies  and  Academies  of  the  World, 
Notes,  &c. 

In  Schools  where  Science  is  included  in  the  regular 
course  of  studies,  this  paper  will  be  most  acceptable,  as 
it  tells  what  is  doing  in  Science  all  over  the  world,  is 
popular  without  lowering  the  standard  of  Science,  and  by 
it  a  vast  amount  of  information  is  brought  within  a  small 
compass,  and  students  are  directed  to  the  best  sources 
for  what  they  need.  The  various  questions  connected 
with  Science  teaching  in  schools  are  also  fully  discussed, 
and  the  best  methods  of  teaching  are  indicated. 
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